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Inference for Proportional Mean Residual Life
Model in the Presence of Censoring
Ying Q. Chen and Nicholas P. Jewell
Abstract
As a function of time t, mean residual life is defined as remaining life expectancy
of a subject given its survival to t. It plays an important role in many research
areas to characterise stochastic behavior of survival over time. Similar to the
Cox proportional hazard model, the proportional mean residual life model were
proposed in statistical literature to study association between the mean residual
life and individual subject’s explanatory covariates. In this article, we will study
this model and develop appropriate inference procedures in presence of censor-
ing. Numerical studies including simulation and real data analysis are presented
as well.
  
	
ﬀﬂﬁﬃ !"#$%ﬁ'&)(*ﬁ+(,ﬃ.-0/21)-3"%"4(*56&)(*ﬁ+(,78("#:98$<;ﬀﬃ.5=5*;ﬀﬁ*&( $8&/>ﬁ18&?=*&$(*$?@A-*/>B( -+;+7( -3B(./
C
ﬃ.-D&?*;(4&?*/FEHGI5=ﬁ37)ﬃ41)J.7
ﬁ37)
C
1)5=5K5=$)J4ﬁ37
ﬃ
C0L
M55NO&?ﬀPQ$)*&/>1R-3"%"4( 5SﬁHAT/U( 5
L
(@)/:ﬃ
C
=$?ﬁ-3B/>ﬁ:ﬁﬃ
/>ﬁ18&?@#V#ﬁ7)I-*/>T&?18(*5)5
C
Wﬁ3Kﬃ
C
(U/>1)9%X3*;Fﬁ'( ﬁYﬁ3KZFV
L
7)T;[7AT/\ﬁ7)W-3M( =$)$)J]/>1)-"?=".(*5)ﬁ3=HJ4"#$
ﬁ37R0/>1)9%X3*;Fﬁ'/>1)-"?="?=$)J01)^ﬁﬃ:ZFV._/`( 5_/2ﬃUH^8ﬃ.-ﬁ+(*$?ﬁaﬁ3ﬃb/>ﬁ18&?@b$( -*(./'/218;[7(4/S$8&?1Q/>ﬁ3-_(*5?-5T( 9)=5ﬁ2@#V
&?ﬃ.J.-c( ^)7%@( $8&5
C
d$8/21)-+(*$8;ﬀ#E
eﬂ$A/2ﬁ+( ﬁ_/2ﬁ3_;M( 5%5ﬁ-+(*ﬁ31)-#V*ﬁ37)WHﬃf/>ﬁ6=H^8ﬃ.-3ﬁc( $%ﬁ
C
1R$8;ﬀﬁ3=ﬃ.$A-J#(*-+&?=$)J:ﬁ3ﬃdﬁ37)Y-3*/2_&?18(*5?5=
C
Y_/6H*( $
-3B/>_&%18( 565=
C
#g
hji
Z+kKlnm
i!oqp
Z*r
ots
Z+k
C
ﬃ.-dZ:uwv?V
L
7)M-3
o
T/Iﬁ37)/21)-3"%"4(*5xﬁH#V8($)ﬃ.$)$RJ#(*ﬁ3"#b-3*(*5N!"4( 51RA-+( $Q&?ﬃ.y".(*-3T( 9)5=
i>z
7)T( $)JRV
{|4}
v#k+EH7Q( ﬁ,T/ﬀV6ﬁ37RAH*( $-*/>T&?18(*5S5
C
A_/Iﬁ7)-(*$)=$)J5=
C
b~?^8*;Fﬁ+( $Q;ﬀ@J4"#$
/21)-3"%"4( 5'ﬁﬃZFE
)ﬃ.-(;ﬀﬃ4H^)-7)$8/2"#-3"%
L
ﬃ
C
^)-3"%ﬃ418/-*/>B( -+;+7ﬃ4$qﬁ37R_/
C
1)$8;Fﬁ3ﬃ4$6VS-3B(.&?-c/A( --
C
-*&ﬁﬃ

1)*//Iw\-ﬃ#/;[78(*$
i
{|.4
k0(*$8&
z
/Mﬃ.-JﬃŁ8ﬁ3=?T/
i
{|4|.}
k+E
6ﬃM".(*518(*ﬁ3ﬁ7)
(.//>ﬃ%;ﬀT( ﬁ3=ﬃ.$n98ﬁ
L
$tﬁ7)H*(*$q-*/>T&?18( 5d5
C
( $8&q=ﬁ+/;ﬀﬃ*"4( -_( ﬁ*/UVWﬁ7)
^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8( 5aH*(*$-3*/2_&?18(*55=
C
:Hﬃ%&%5T/^)-3ﬃ4^ﬃf/>*&
i2
( #*/Ww:(./216V
{M|.|
v?6Ł( 7)*&%ﬂV
{M|.|%{
k+g
hi
Z r:kSl
hHMi
Z+k#~%^
ia
:k+
i
{
k
L
7)-
hi3
r:kb_/Aﬁ37RH*(*$-3*/2_&?18(*5I5=
C
ﬃ
Cd
p
"#*;ﬀﬁﬃ.-;ﬀﬃ*"4( -_(*ﬁ3]V
hHMi
Z+k,T//2ﬃ.H1)$)%$)ﬃ
L
$
98(4/>5=$)H*( $
-3*/2_&?1Q( 5W5
C
ﬃ
C
;Fﬃ "4(*-3_(*ﬁ3lyv%V'( $8&
¡ n¢¤£¥§¦
T/,^8( -c( HMﬁ3-ME¨I-ﬁ7)
/>1R^M-+/3;F-3^Rﬁ0©&?$)ﬃ4ﬁ3*/"#B;ﬀﬁ3ﬃ4-ﬁ3-c( $8/2^8ﬃ#/>fE
ªﬃ%&?5
i
{
k`_/S;F5ﬃ#/25@b-35T( ﬁ*&,ﬁ3ﬃUﬁ37R0(.;;ﬀM5-c( ﬁ3B&
C
( 5=1)-3WﬁH'Hﬃ%&%5
iﬂ«
(*59?¬8M_/3;+7A­\-$%ﬁ3_;F#V
{
Hosted by The Berkeley Electronic Press
{|4
v#k+g
5ﬃ4J
o
l


 F
i
k
L
7)- /W( -3bﬂEﬂE &EK-c( $8&?ﬃ4-3-ﬃ.-+/
L
ﬁ37(*$1)$8/>^8*;FNP8*&&?T/>ﬁ-39R1)ﬁ3=ﬃ.$6EW6ﬃ/2,ﬁ7)_/FV)5ﬁWZWl­v§=$
Hﬃ%&?M5
i
{
k+V)ﬁ7)$
5ﬃ.JWm
iﬂo
r:kSl 5ﬃ.J
hi
ZYltv8r:k'lt5=ﬃ.J
h  i
v k	 




GI5=ﬁ37)ﬃ41)J.7Hm
i
5ﬃ4J
o
r:ka( $Q&,5ﬃ.J0m
i!o
r:k6(*-3W$)ﬃ4ﬁS$)*;F*/3/( -3=5@U_&%$?ﬁ_;(*5#9?@bﬁ37).M$8/>$ /aeO$R 1Q( 5=ﬁ2@#V
;(*-3
C
1)5 ;[7Rﬃ._;F:ﬃ
C
ﬁ7):98(4/>5=$)UHB( $H-*/>T&?18( 55
C
:$
i
{
kY( $8&ﬁ37)b&?T/>ﬁ-39R1)ﬁ3=ﬃ.$ﬃ
C
=$
i
k
L
ﬃ.1)5T&
5B(.&Aﬁ3ﬃU_&?M$?ﬁ_;(*5?Hﬃ%&%5_/FE

"#$bﬁ37)d;ﬀﬃ4$8&?ﬁﬃ4$8/
C
ﬃ.-'"4( 5T&?ﬁ2@bﬃ
C
h

i
Z+ka$¨:( 5=58
5=5$)-
i
{|4?{
k+V
ﬁ37R^R-3ﬃ#ﬃ
C
$GI^)^8$8&%~
{
/27)ﬃ
L
/Iﬁ378(*ﬁ
ﬀﬂﬁ	ﬀﬃ! "$#&%(')'+*-,.0/ﬃ1+23//ﬃ1.45.768,92:,.<;=%>.5?A@B.C*ED9@F*)?),/2)?G/ﬃ,0HJI)K-LJM+N
K<O&P
N
,Q%R@51S/ﬃ1+23/
h

i
Z+kSl
T
MAN
KUO&P
N
I)KﬀZ
K
*)?WVv?Z
<X
DQ*)4Y,Q*)Z.C[=6]\W.?A*)%\-1HZ

s
v^`_a1.?W/b1.'4<*B'+*)45/c6ﬃ*)?A23d	Z.<2)?W4F.U,Q6ﬃe)%R23dadf6 D.
Z:*eG.Fdg*EDWhjiUkl2)?+em/ﬃ1.n2)@F@B.Fdﬂ.4<23/E.<eoDQ2)6ﬂdf%R45.:/c6ﬃZ.SZ:*eG.Fdp*EDlhrqBks@F*)6ﬃ?A@=6ﬃeG.t6 DS2)?+eu*)?GdwvW6 D
h

i
Z+kx68,
@F*)?y,/c2)?G/j^
ªﬃ%&?5
i
{
kb_/A(*5_/>ﬃ
-3M5_( ﬁ*&ﬁ3ﬃ
ﬁ37)^)-ﬃ.^8ﬃ.-ﬁ3=ﬃ.$8(*5I78(z*( -c&)/Hﬃ%&%5
i2z
ﬃ ~V
{|y{

kcEtG:/A$)ﬃ.ﬁ_;ﬀ*&
$­ª=5 X+/2ﬃ.$
i
{|y{

kcVﬁ7)78(-zB( -+&
C
1)$8;ﬀﬁﬃ.$nﬃ
C
ﬁ37)
C
ﬃ.-
L
(*-+& -*;ﬀ1)--3$8;Fﬁ3#VY|AVU/(@#V:$tﬁ7)
#1)5=9)-1)¡-$)
L
( 56^)-ﬃ%;ﬀ*//>*/
C
ﬃ4-3HB&9?@
o
 /_/Wﬁ37)U-3B;ﬀ^)-ﬃ%;( 5aﬃ
C
ﬁ37)UH*(*$-3*/2_&?18(*565
C
ﬃ
C
o
i>z
ﬃ*~V
{|4}

V8^6E

{
kdE7%18/ﬀV
}R~
i
Z*r:kSl
}G~F

i
Z[kf~?^
i3p0x
:k+
i
k
L
7)-
}R~
i
k]/>ﬁ+(*$8&)/
C
ﬃ4-A78(-z*(*-+&
C
1)$8;Fﬁ3ﬃ4$ﬃ
C
ﬁ37R
C
ﬃ.-
L
( -c&-3*;ﬀ1R-3-3M$8;ﬀﬁ3( ﬁ(P8~%*&ﬁH
C
ﬃ4-
#1)5=9)-1)-$)
L
( 5S^)-ﬃ%;ﬀ*//ﬁ37Q( ﬁ,7Q(./ﬁ7)/3( A1)$8&?-5@%$)J&?T/>ﬁ-39R1)ﬁ3=ﬃ.$ (./
o
EG:/U/>7)ﬃ
L
$=$

( #*/d :(./21
i
{M|.|
v?VS7Rﬃ.-

kd( $Q&

1)^)ﬁc(
«
-3<( $)
i
{M|.|.
V'7)ﬃ4-3/

E
{


E

k+V6ﬁ7)
/>1R;ﬀ=$%ﬁ:(*$8&j$R*;ﬀ*//3( -@;ﬀﬃ4$8&?=ﬁ3ﬃ4$
C
ﬃ4-
L
7)T;[7ﬁ7)A^)-3ﬃ4^8ﬃ.-3ﬁﬃ4$8( 5YH*( $-3*/2_&?1Q( 5S5=
C
,ﬃ%&?5`( $8&
ﬁ37R^)-ﬃ.^8ﬃ.-ﬁ3=ﬃ.$8(*5W78(-z*(*-+&)/,ﬃ%&?5';ﬀﬃ4$8;F_&?_/:ﬁ37Q( ﬁ
L
7R$
hHi
Z[kd_/:5=$)*(*-=$ZFEeﬂ$;ﬀﬃ4$*X31)$8;Fﬁ3ﬃ4$

http://biostats.bepress.com/ucbbiostat/paper108
Lﬁ7S-3ﬃ4^ﬃf/>=ﬁ3ﬃ4$
{
V%ﬁY_/Sﬁ3-1):ﬁ37Q( ﬁﬁ7)d(
C
ﬃ.-ﬀ!H$%ﬁ3ﬃ4$)*&,ﬁ7)-30Hﬃ%&?M5_/'( -:_&?M$?ﬁ_;(*5)
C
( $8&ﬃ4$)5@

C
ﬁ37R1R$8&?-5@%$)JD&?_/2ﬁ3-3=9)1)ﬁﬃ.$ﬃ
C
o
T/~%^ﬃ4$)$%ﬁ3T( 5ﬂE
GI5=ﬁ37)ﬃ41)J.7b$
C
-$8;ﬀ'ﬃ4$Aﬁ37)Y^8( -c( Hﬁ-+/=$,Hﬃ%&%5
i
{
k
L
(4/x9)-3=ﬀ¬8@U&%_/3;F18/3/2*&=$Ł( 7R*&?
i
{|4|?{
k+V
ﬁ'T/K(*$)5=@,(*~?=A1) 5#M57Rﬃ#ﬃ%&,Hﬁ37Rﬃ%&
C
ﬃ4-W;ﬀﬃ4H^)5Mﬁ30/>1R-3"%"4( 5&)(*ﬁ+(
L
7)$ﬁ37)098(./25=$)0H*( $
-3B/>_&%18( 5S5=
C
b_/:^8( -c( HMﬁ3-3T;.E S5Jf( $%ﬁb( ^)^)-ﬃ#(4;[7)B/]9%@ª(*J.1)5T( -(*$8&Ł878( $)J
i
{|.|
kd1)ﬁ3=5ﬂzM*&ﬁ7)
-3M5_( ﬁﬃ4$8/>7)=^$
ic
k
L
7)$ﬁ37)b98(./25=$)UH*( $-3*/2_&?18(*5x5=
C
:T/ 1R$)?$Rﬃ
L
$ V9)1RﬁIﬁ7)@(*-3,-*/>ﬁ-3T;ﬀﬁ3*&
ﬁ3ﬃﬁ7)H/2ﬁ18( ﬁﬃ.$
L
7)$ />1R-3"%"4( 5'ﬁ3=H*/0( -$)ﬃ4ﬁA;ﬀM$8/>ﬃ4-3*&Eeﬂ$^)-c(.;ﬀﬁ_;ﬀ#V67)ﬃ
L
"#-V />1)-"?=".(*5'&)(*ﬁ+(
;ﬀﬃ455B;ﬀﬁ3*&
C
ﬃ4-U( $8(*5@R/>T/ ﬃ
C
ﬁ3$=$?"#ﬃ45"#*/Y;ﬀ$8/2ﬃ.-3=$)J)V
L
7)$ﬁ7)A;Fﬃ.H^)5=ﬁ3b/21)-3"%"4( 5aﬁ3=H:T/ $)ﬃ4ﬁ
C
1)5=5@
ﬃ.9Q/>-".(*9)5fE,eﬂ$ﬁ37R_/:(*-3ﬁ3T;ﬀ5fV
L

L
5=5x^R-3ﬃ.^8ﬃf/>( ^)^)-ﬃ.^)-_(*ﬁ3$
C
-$8;ﬀU^)-ﬃ%;ﬀ*&?1R-3*/:$^R-3*/2$8;ﬀbﬃ
C
;ﬀ$Q/>ﬃ.-$)JRESIMﬁ+( =5_/'( -W5_(*98ﬃ.-+(*ﬁ3*&$

EI1)H-_;(*5%/>ﬁ18&?B/x$8;F518&?=$)JUªﬃ4$?ﬁﬀ
z
(*-35=ﬃ,/21)5_(*ﬁ3=ﬃ.$
( $Q&(.;ﬀﬁ18( 5'&R( ﬁ+((*$8( 5=@)/2_/:(*-3A$

E
	#ﬃ4HU-3(*-3R/I(*-3A=$

EU *;+7)$)T;( 5a^)-ﬃ#ﬃ
C
/U( -;ﬀﬃ.5=5*;ﬀﬁ*&
$GI^R^M$8&?_;F*/ﬀE
 AA ©A	
 M ©
A  AK

8ﬁ 98Uﬁ37)U^8ﬃ.ﬁ$%ﬁ3_(*5a;ﬀ$8/2ﬃ.-$)JAﬁH#E
z
ﬃ4$8&?ﬁﬃ4$8( 56ﬃ4$UV
o
( $8&w(*-3b(.//>1)HB&<ﬁﬃA98=$8&?ﬀ
^8$8&?M$?ﬁMEﬀ	#1)^R^ﬃf/>0ﬁ378(*ﬁ'ﬁ37)Wﬃ498/>-"#*&,&R( ﬁ+(U/2ﬁ';ﬀﬃ4$8/>T/>ﬁSﬃ
Cﬂﬁ
=$8&?^8$8&%$?ﬁaﬁ3-^)5=ﬁ+/aﬃ
C
iﬃ
 
"!
 
ﬀ
 
kcV
L
7)-
ﬃ
 
l $
iﬂo
 
#
 
k+V!
 
l%$
i!o
 &

 
k
C
ﬃ.-('l
{


=
=
=

ﬁ
E
¨I-V)$
i3
kIT/ﬁ7)H$Q&?_;(*ﬁ3ﬃ4-
C
1)$8;Fﬁ3ﬃ4$ﬁ+(*?=$)JHﬁ37RA".(*51)Aﬃ
C
{

C
ﬁ37);ﬀﬃ4$8&?=ﬁ3ﬃ4$_/:/( ﬁ_/OPQ*&( $8&
vHﬃ.ﬁ7)-
L
T/>#Ebeﬂ$
(.&)&%ﬁ3=ﬃ.$6Vﬂ
 
( -b(./3/21)H*&Hﬁﬃ98U7)ﬃ.ﬃ.J.M$)ﬃ.1Q/W( $8&
C
ﬃ.55=ﬃ
L
ﬁ7)b/>1)-"?=".(*5
C
1)$8;ﬀﬁﬃ4$ﬃ
C)*,+
i3
k+E
t7)$ﬁ37)-IT/S$)ﬃA;ﬀM$8/>ﬃ4-3$RJ)V?ﬁ7)d( ^)^)-ﬃ#(4;[7H=$-

E

ﬃ
C
ª(*J.1)5T( -3 ( $8&Ł878( $)J
i
{|4|.
k'^R-3ﬃ*"?T&?*/
(
L
(B@ﬁﬃ*/>ﬁ(*ﬁ3Hﬁ7)^8(*-+( ﬁ3-c/,$ Hﬃ%&?5
i
{
k+E/	f^B;ﬀNP;M( 55=@#V'ﬁ37)@P8-c/>ﬁ$)ﬃ.ﬁ_;ﬀB&ﬁ37Q( ﬁHﬁ7)

Hosted by The Berkeley Electronic Press
Cﬃ.-
L
(*-+&-*;ﬀ1)--3$Q;ﬀ:ﬁ3=H9| ﬃ
C
;ﬀﬃ*"4( -_(*ﬁ3An78(./0/>1)-"?="4( 5
C
1)$8;Fﬁ3ﬃ4$6g
 ~
i
Z*r:kSl©mCH $
i
| utZ[kMr0LUl
moH
i!op
Z+k
M
r L
h  i
Z+k#~%^
i 

:k

L
7)-
i!o p
Z+k
M
&?$)ﬃ4ﬁ3*/
iﬂoqp
Z+k $
iﬂo
u©Z+k+EdGI$8&
C
ﬃ4-U;ﬀﬃ4H^)5Mﬁ3AV8ﬁ37R,^8(*-3ﬁ3T( 5'/;ﬀﬃ.-A*/>ﬁ(*ﬁ3=$)J
#18( ﬁﬃ4$9Q(./>B&ﬃ.$ﬁ37)U^)-ﬃ.^8ﬃ.-ﬁ3=ﬃ.$8(*5x78(z*( -c&)/WHﬃ%&?5
i
kY_/Fg

m
i
:k
p
 N


mCH#~%^
ipI

:k $
i
| u Z+k<L

moH*~%^
i3p0

:k $
i
| u Z[k<L
I

*	~
i
Z+kSlnv%
i

k
L
7)-

* ~
i3
k _/U( $(*^)^)-ﬃ.^)-_( ﬁB/>ﬁ3=( ﬁﬃ.-:ﬃ
C
ﬁ37)&%_/>ﬁ-3=9)1)ﬁ3=ﬃ.$
C
1)$8;ﬀﬁﬃ4$
*
i3
k ﬃ
C
|DEH7)M-3
C
ﬃ4-3#V
L
ﬁ7-^)5T(.;ﬀ$?ﬁWﬃ
C
$
i
|yu Z+k
L
ﬁ7(*$(*^)^)-3ﬃ4^)-3T( ﬁH*/>ﬁ(*ﬁ3ﬃ4-V6(*$*/>ﬁ(*ﬁ3=$)J( 18(*ﬁ3=ﬃ.$
ﬃ
C

98(4/>*&ﬃ.$
o
_/

m
i
:k
p

N


moH#~%^
i3p0*

:k
i!oqp
Z+k
M
L

moH*M~?^
ip0*

dk
iﬂop
Z+k
M
L


mCH*~%^
i3p0

:k $
iﬂons
Z+kUL

moH*~%^
i3pI

:k
o
L
I.ZB

i
k
7)-
C
ﬃ.-#VS9%@-3^R5_(.;F$)J

m
L
ﬁ37=ﬁ+/,-3B/>^8*;ﬀﬁ"#H^)=-3_;M( 5'*/>ﬁ(*ﬁ3ﬃ4-VS(*$q*/2ﬁ3=( ﬁ$)J
C
1)$8;Fﬁ3ﬃ4$
L
(4/ ^R-3ﬃ.^8ﬃf/>*&(./
ﬁ
P
	

 
O

 8p

N

T
 

 
~%^
i3p  


 
k
i!o  8p
Z+k
M
T
 
~%^
i3p  


 
k
iﬂo  8p
Z+k
M

T
 
M~?^
i3p0


 
k $
iﬂo  s
Z+k
T
 
~%^
ipI


 
k
o  
I.Z

i
}
k
G:/2@?H^Rﬁ3ﬃ.ﬁ_;W-3*/21)5ﬁc/-3Jf( -c&?$)Jﬁ3ﬃAB/>ﬁ3=( ﬁﬃ.-


$
i
}
k
L
-3]&?-3="#*&H(4/
L
55!E
¨Iﬃ
L
M"#-V
L
7)$;ﬀM$8/>ﬃ4-3$RJ^R-3*/2$?ﬁc/ﬀV
o  
( -I$Rﬃ.ﬁY( 5
L
(@)/aﬃ.98/2-3"4( 9R509)1)ﬁS^8ﬃ.ﬁ$%ﬁ3_(*55=@A;ﬀ$Q/>ﬃ.-*&E
78(*ﬁA_/ﬀV
i ﬃ
 
"!
 
k]( -ﬃ
C
ﬁ3$ ﬃ.98/2-3"#*&Vx$Q/>ﬁ3B(.&E
7)$  1Q( ﬁ3=ﬃ.$
i
}
kU$)M*&)/ﬁﬃ98HHﬃ%&? P8*&ﬁﬃ
(.;M;ﬀﬃ.Hﬃ%&)( ﬁ/>18;+7^8ﬃ4ﬁ3$%ﬁ3T( 5Y;ﬀ$8/2ﬃ.-$)JREeﬂﬁU_/:$)ﬃ4ﬁA&?f;ﬀ1R5ﬁUﬁ3ﬃ/>MHﬁ378(*ﬁV
C
ﬃ.-A(*$?@
L
55 2&%ﬀP8$)*&
C
1)$8;Fﬁ3ﬃ4$ﬃ
C
iﬃ
 
F
 
Z[kcV
m

i ﬃ
 
ﬀ
 
3Z+k !
 
*ﬂ+
iﬃ
 
k 
l­m>m

iﬃ
 
ﬀ
 
3Z+k !
 
*,+
iﬃ
 
k 




 

l m m

iﬂo  
ﬀ
 
3Z+k
*ﬂ+
i!o  
k
mCH $
i

 
u
o  
kUL





 

o  

l©m H

iﬂo  
ﬀ
 
3Z+kULp


http://biostats.bepress.com/ucbbiostat/paper108
7)-
C
ﬃ.-#V8
C
5ﬁ

i ﬃ  
ﬀ
 
3Z+k ¡
 
V

iﬃ  
Z[kWl
iﬃ  p
Z+k
M
( $8&

i ﬃ  
3Z+kl $
iﬃ  
u©Z+k+V
L

L
=55
78("#
m 

 
!
 
*ﬂ+
iﬃ
 
k

l­m
i

 
k+
m
iﬃ
 p
Z[k
M
!
 
*ﬂ+
i ﬃ
 
k 
l m
iﬂo  p
Z+k
M
( $Q&
m 
$
i ﬃ
 
uqZ+k !
 
*ﬂ+
iﬃ
 
k

l©m H $
iﬂo  
uqZ+kULY
-3B/>^8*;ﬀﬁ"#5=@#E,	fﬃ)V*ﬁT/$8( ﬁ1)-+(*5#ﬁ3ﬃ
C
1)-ﬁ37)M-6-3^)5T(.;ﬀY
 
V
i!o  p
Z+k
M
( $8& $
iﬂo  
u Z+k
L
ﬁ37A
 
!
 
H

*,+
iﬃ
 
k<L
P
V
iﬃ
 *p
Z+k
M
!
 
H

*,+
iﬃ
 
k<L
P
( $8&$
i ﬃ
 
u Z+k !
 
H

*ﬂ+
i ﬃ
 
kUL
P
=$A 1Q( ﬁ3=ﬃ.$
i
}
k+V#-3*/2^8*;ﬀﬁ3="#5@fV
L
7)-3

*,+
i3
k
_/Y( $( ^R^)-3ﬃ4^)-3T( ﬁ3U*/2ﬁ3=( ﬁﬃ.-'ﬃ
C *ﬂ+
i
k+VR/>18;+7(4/ﬁ+/
«
( ^)5T( $?OªM-*/2ﬁ3<( ﬁ3ﬃ4-E`7)$Hﬁ7):-3B/>1)5=ﬁ3$RJ
*/2ﬁ3<( ﬁ3=$)J
C
1R$8;ﬀﬁ3=ﬃ.$&?$Rﬃ.ﬁ3B&(4/
i 
k'T/

i
kSl
ﬁ
P
	

 
O

 
!
 

*,+
iﬃ
 
k
p

N

T
 

 
~%^
ip0 


 
k
i ﬃ
 8p
Z+k
M
!
 
H

*,+
iﬃ
 
k<L
P
T
 
~%^
i3p  


 
k
iﬃ
 p
Z+k
M
!
 
H

*ﬂ+
iﬃ
 
k<L
P

T
 
~%^
i3p0


 
k $
iﬃ
 as
Z+k !
 
H

*ﬂ+
iﬃ
 
kUL
P
T
 
~%^
i3pI


 
k
ﬃ
 
!
 
H

*ﬂ+
iﬃ
 
kUL
P
I.Z

l
ﬁ
P
	

 
O
!
 

*ﬂ+
iﬃ
 
k	

 8p


 ﬂi


*ﬂ+
k
L
7)-



 
i 


*
+
kSl
 N

T
 

 
~%^
i3p  


 
k
i ﬃ
 p
Z+k
M
!
 
H

*,+
iﬃ
 
k<L
P
T
 
~%^
i3p  


 
k
iﬃ
 p
Z[k
M
!
 
H

*ﬂ+
iﬃ
 
k<L
P

~%^
i3p0


 
k $
iﬃ
 as
Z+k I.Z
ﬁ
P
T
 
~?^
i3pI


 
k
ﬃ
 
!
 
H

*ﬂ+
iﬃ
 
k<L
P


I$Rﬃ.ﬁ3


ﬁ7)b/>ﬃ451)ﬁﬃ.$ﬁﬃ
i
kSlnv%E
:/2$)J(( -ﬁ3$RJ#( 5=-^)-*/>$%ﬁ+(*ﬁ3=ﬃ.$ﬃ
C
ﬁ7)
«
(*^)5_(*$?Oª-U*/2ﬁ3=( ﬁﬃ.-

*,+
i
x5=H=$)J¤¨d( ->
-3=$)J.ﬁﬃ.$6V
{M|.|%{
V,^6E
|y{
k+VU/>ﬃ4H
/>ﬁ-+(*J.7%ﬁ
C
ﬃ4-
L
( -+&­( 5J49)-c( _;(*$)^)1R5_( ﬁﬃ4$
L
ﬁ37nﬁ37R
C
1)$Q;ﬀﬁ3=ﬃ.$8(*5

Hosted by The Berkeley Electronic Press
I5=ﬁ+(ﬂHMﬁ37)ﬃ%&/>7Rﬃ
L
/Wﬁ37Q( ﬁ
!
 

* +
i ﬃ  
k  
!
 
*ﬂ+
iﬃ
 
k
 
!
 
*ﬂ+
iﬃ
 
k

* +
i ﬃ  
k
p

* +
iﬃ  
k
*ﬂ+
iﬃ
 
k
 
!
 
* +
iﬃ  
k
 
ﬁ
P 	


O
 N

!
 
$
iﬃ
 
utZ+k
* +
i ﬃ  
k

*,+
i
Z
p
k
* +
i
Z+k
I

i
Z+k

	
i
Z+k

L
7)-


i
Z+kSl $
iﬃ

&
Zﬀ !

lnv k
p


$
iﬃ

u.kjI
	
+
i
.kc
( $Q&

	
i
Z+k'l
ﬁ
P 	

 
O
$
iﬃ
 
utZ+k 
i
Z+kF

¨I-	
+
l
p
5=ﬃ.J
i
{
p
*ﬂ+
kW_/Iﬁ7);ﬀ1)1)5T( ﬁ3="#:78(z*( -c&
C
1)$Q;ﬀﬁ3=ﬃ.$ﬃ
C
ﬁ7);ﬀ$8/2ﬃ.-$)JHﬁHB/ﬀE:0$)ﬃ.ﬁ

+
i
Z+k'ﬁ37R]PQ5ﬁ3-c( ﬁﬃ.$J4$)-c( ﬁ3B&<9%@Hﬁ7)2(*5J.M9)-+(4/
 H $
i

 
&
.kc
&
ZF#$
i!o  
&
kcﬀ
 ﬂi

kc+v
&
"'Sl
{


=
Q
=

ﬁ
LR

7)$H

i
Z+kcjl
{


=
=
Q

ﬁ
L<( -(*-3ﬁ$)Jf( 5B/
L
ﬁ7-3*/2^B;ﬀﬁUﬁ3ﬃﬁ37)AP85=ﬁ3-+(*ﬁ3=ﬃ.$
+
E7)M-3
C
ﬃ4-3#V
(.;M;ﬀﬃ.-c&?$)JAﬁﬃﬁ7)
(
L
ﬃ
C
(*-3J4
I1)98-+/FV#ﬁW_/W(*5_/2ﬃﬁ-31)Uﬁ37Q( ﬁ 
i
kﬀ

i 
kcV
L
7)-

i 
kyl m
!
*,+
iﬃ
k
H#
p


i

*ﬂ+
kUL

l m
i
dk
p

N

moH#~%^
i3p  

:k
iﬂop
Z[k
M
L
mCH*~%^
ip0 

:k
iﬂop
Z+k
M
L

moH*~%^
i3pI

:k $
i!ots
Z+kUL
moH*~%^
i3p0

:k
o
L
I.ZF
( $Q&

i 

k,l v?E¨IM-3


_/Uﬁ37)Hﬁ-31)".(*51)ﬃ
C
^8(*-+( ﬁ3-

EGd;;ﬀﬃ.-c&?$RJﬁ3ﬃS-3ﬃ.^8ﬃf/>ﬁﬃ4$
{
=$
ª( J41)51R-38(*$8&Ł878( $RJ
i
{|4|.
kcV?=ﬁxT/x?$Rﬃ
L
$Aﬁ78( ﬁ
ﬂﬁ
i8
k6T/x$)Jf( ﬁ"#W&%ﬀP8$)=ﬁ3#Ea7)-
C
ﬃ.-#V

i8
kKl v
^)5=*/Sﬁ378(*ﬁ


_/W;ﬀﬃ4$8/>T/>ﬁ$?ﬁ0(*$8&H1)$)  1)U=$ﬁ7)U$)=J.7%9ﬃ41)-37Rﬃ#ﬃ%&ﬃ
C
8
E
6ﬃIﬃ49)ﬁ+(*$A(W5_(*-3J4ﬀ2/( H^R5'(*^)^)-3ﬃ*~%(*ﬁ3=ﬃ.$:ﬃ
C
ﬁ37)Y&?T/>ﬁ-39R1)ﬁ3=ﬃ.$Uﬃ
C


V4(0x(@%5ﬃ.-6M~?^8(*$8/>=ﬃ.$D/>7)ﬃ
L
/
ﬁ37Q( ﬁ
ﬁ
ﬃ 
i

0p,

kT/x(4/>@%H^)ﬁ3ﬃ4ﬁ3T;( 5=5@0 1R"4( 5=$?ﬁ6ﬁﬃ"! 
i

k$#%!
0
ﬁ
&ﬃ'

i

kcES)1)-3ﬁ7)-Hﬃ.-#V*(.//>1)H
ﬁ37Q( ﬁ
¢
T/:(H;ﬀ5=ﬃ#/2*&/>ﬁdﬃ
C

EU7R$ 
i
k(

i
kY1)$)
C
ﬃ4-3H5=@( $Q&7)$8;ﬀ)! 
i8
k$#%!


ﬂﬁ
i8
kcE
}
http://biostats.bepress.com/ucbbiostat/paper108
tﬁ7,ﬁ7)Y(./>@%H^)ﬁﬃ.ﬁ_;S$)ﬃ.-( 5=ﬁ2@0ﬃ
C ﬁ
ﬃ 

i 8
k*/2ﬁ+(*9)5T/>7)*&:=$AGI^)^8$Q&?~

V
L
'78("#Yﬁ37)
C
ﬃ.5=5ﬃ
L
$RJ
-3B/>1)5=ﬁ
ﬁ
&ﬃ 
i

p 
k  
i
v?H

ﬁ
i 
kUL
P

i 

*,+
kbH

ﬁ
i 
k<L
P

kF

7)-
C
ﬃ.-#Vxﬁ7)(4/>@%H^)ﬁ3ﬃ4ﬁ3T;A&?_/2ﬁ3-3=9)1)ﬁﬃ.$ ﬃ
C


;( $98(*^)^)-ﬃ ~%<( ﬁ3B&9?@ ($)ﬃ4-3(*5
L
ﬁ37 H*( $
 
( $Q&q".(*-3T( $8;ﬀF2;ﬀﬃ*"4( -_(*$8;ﬀ<( ﬁ3-~
*/>ﬁ(*ﬁ3*&9%@-3^)5T(.;ﬀ=$)J
ﬁ37)ﬃ4-3ﬁ_;(*5Wﬁ3-/,$ ﬁ37)( 98ﬃ*"#
"4( -_( $Q;ﬀﬀO;ﬀﬃ*".(*-3T( $8;ﬀ
L
=ﬁ37ﬁ37)M-MH^)-_;(*58*/>ﬁ(*ﬁ3*/FV ﬁ78( ﬁ0_/FV

! 
i


k
!
 
P


i




* +
k
	

! 
i


k
!
 
P



ªﬃ.-AJ.$R-+(*55@fV6(
L
=J.7%ﬁ3*&"#-+/2ﬃ.$ﬃ
C

i
k
L
7)T;[7=$8;ﬀ5=18&?*/
L
=J.7%ﬁ
C
1)$8;Fﬁ3ﬃ4$
;( $
98A^)-3ﬃ*
^8ﬃ#/2*&(4/ﬀg

i
kSl
ﬁ
P
	

 
O
i 


 
k !
 

*ﬂ+
i ﬃ
 
k
H#
 8p


 !i


*ﬂ+
kUL%
i
{
k
L
7)-

i3
kd_/U(/>^8*;FNP8*&
L
MJ.7%ﬁ
C
1)$8;ﬀﬁﬃ4$6EG0^)^)-3ﬃ4^)-3T( ﬁ
L
=J.7%ﬁ
C
1)$8;ﬀﬁﬃ.$ ;( $98/25B;ﬀﬁ3*&=$


i 
kWﬁﬃ( 55=ﬃ
L
! 

i
k # !

ﬁ3ﬃ98$)J#(*ﬁ3="#&?ﬀP8$)=ﬁ3
C
ﬃ4-
­ ¢ i
ª( J.1R5_( -Y( $8&Ł878( $RJ
{|4|.
k+V
ﬁ37R$ =ﬁ+/ﬃ.$)ﬃ4ﬁ3ﬃ.$R_;ﬀ=ﬁ>@ (*$8& 7R$8;ﬀﬁ7)1R$)ﬃ#1)$)B/3/ﬃ
C


ﬃ
C
ﬁ7)*/>ﬁ(*ﬁ3=$)J
C
1R$8;ﬀﬁ3=ﬃ.$­;( $n98
ﬃ.9Rﬁ+( =$)*&(4/
L
5=5ﬂEGI$Rﬃ.ﬁ37R-A(*^)^)5T;( ﬁﬃ4$ﬃ
C
ﬁ7)
L
MJ.7%ﬁ3B&j*/2ﬁ3=( ﬁ$)J
C
1)$8;Fﬁ3ﬃ4$ﬃ
C


i
k:T/ﬁﬃ
(.//>*//(4&?#18(.;ﬀ@bﬃ
C
ﬁ7)W^)-3ﬃ4^8ﬃ.-3ﬁﬃ4$8( 5H*( $A5=
C
YHﬃ%&?5)=$
i
{
k+E)	#=H5T( -aﬁ3ﬃUﬁ37)Wﬁ37)ﬃ%&R/\^R-3ﬃ.^8ﬃf/>*&
$

55d 	%;+7?1R(.;+7)-
i
{|4y{
kH(*$8& 8$
i
{|4|?{
kﬁﬃ(.//>*//ﬁ37)(.&?( 18(4;ﬀ@qﬃ
C
ﬁ37)^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q( 5
78(z*( -c&)/:Hﬃ%&?5!V
L
A;M( $
;+7)ﬃ#ﬃ#/2ﬁ
L
ﬃ&? M-3$%ﬁ
L
J47?ﬁ
C
1)$8;Fﬁ3ﬃ4$8/ﬀV


i


 
k0(*$8&


i


 
kcV6/3(@#E
7)$
L
0;M( $ﬁ3*/2ﬁSﬁ37)0$%1)55%7?@%^8ﬃ.ﬁ7)*/>T/Sﬃ
C
(4&?#18(.;F@Aﬃ
C
ﬁ7)W^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8( 578(-zB( -+&R/KHﬃ%&?M5?ﬁ7)-3ﬃ41)J.7
ﬁ37Ro#18(4&?-+(*ﬁ3_;
C
ﬃ4-3 ﬁ*/>ﬁ0/2ﬁ+( ﬁ_/2ﬁ3_;M/
o
l
i




p




k



P
&
i




p




k+
L
7)-




(*$8&




(*-3d;ﬀﬃ.--3*/2^ﬃ4$8&?=$)JA/2ﬃ.51Rﬁ3ﬃ4$8/K-*/>^8*;Fﬁ3"#M5@#V4( $8&

&KT/K(*$( ^R^)-3ﬃ4^)-3T( ﬁ30*/2ﬁ3<(B
ﬁ3ﬃ4-Wﬃ
C
ﬁ37)U"4( -_(*$8;ﬀﬀO;ﬀﬃ*"4( -3T( $8;F:( ﬁ-3=~Aﬃ
C




p




E'eﬂ$^)-+(4;ﬀﬁ3T;ﬀ#V%(A/>=1R5_( ﬁﬃ4$H(*^)^)-3ﬃf(.;+79%@-8=$
{
Hosted by The Berkeley Electronic Press
i{M|.|4
k ;( $98U(.&R( ^)ﬁ*&Hﬁ3ﬃAﬃ.9Rﬁ+( =$

| $H^)-c(.;ﬀﬁ_;ﬀfES7):^R-3ﬃ.^8ﬃf/>*&/>ﬁ+(*ﬁ3T/>ﬁ3T;/KT/(4/>@%H^)ﬁ3ﬃ4ﬁ3T;( 5=5@ 

¦
1)$8&%-Wﬁ37)U$%1)557?@%^8ﬃ.ﬁ7)*/>T/ﬀE

$):5=H=ﬁ+( ﬁﬃ4$
L
ﬁ37ﬁ37)0^)-3ﬃ4^8ﬃ#/>B&$
C
-3$Q;ﬀW^)-3ﬃ%;F*&?1)-:_/'ﬁ378(*ﬁWﬁ37)U;F$8/>ﬃ4-3=$)J,ﬁH*/
C
ﬃ.55=ﬃ
L
/
/3(*HU( -J.=$8( 5`&?_/2ﬁ3-9)1)ﬁﬃ4$6E0GI5ﬁ7)ﬃ.1)J47ﬁ37)T/ 1Q/>18(*55@(@$Rﬃ.ﬁ:98(H/2-3=ﬃ.18/IT/3/21),=$;ﬀﬃ4$?ﬁ-3ﬃ.5=5*&
-+(*$8&?ﬃ4H_/2*&:;ﬀ5=$)T;( 54ﬁ3-3T( 5T/ﬀVﬁ6<(B@098Y;[78(*55=$)J.B&I$U^)-c(.;ﬀﬁ_;ﬀ
L
7)$Uﬁ7)Y&?_/2ﬁ3-3=9)1)ﬁﬃ.$Q/ﬃ
C
;ﬀM$8/>ﬃ4-3$RJ
ﬁ3=H*/'( -b&? -$?ﬁ ( Hﬃ4$)JA$Q&?"%_&?1Q( 5_/FE

$)U-3MH*&?@AT/Kﬁ3ﬃ/>ﬃ4-3ﬁWﬁ7)b;ﬀﬃ*".(*-3T( ﬁ3B/$%ﬁ3ﬃ,J4-3ﬃ41)^8/0( $8&
*/2ﬁ3<( ﬁ3D/>1)-"?="4( 5
C
1)$8;ﬀﬁﬃ4$
C
ﬃ4-,*(4;[7=$8&?"%_&%18( 5SJ4-3ﬃ41)^6E7)$
ﬁUT//2ﬁ3-c( J47?ﬁ
C
ﬃ.-
L
( -c&ﬁ3ﬃ~%ﬁ3$8&
ﬁ37R^)-3ﬃ4^ﬃf/>*&t$
C
-3$Q;ﬀ^)-3ﬃ%;ﬀB&?1)-3ﬁﬃ1)5ﬁ^)5=HJ.-ﬃ.1)^8/FE 	f^B;ﬀNP;M( 55=@#VY( J4-3ﬃ41)^)$RJ"#M-+/>=ﬃ.$ ﬃ
C
*/2ﬁ3<( ﬁ3=$)J
C
1R$8;ﬀﬁ3=ﬃ.$ 
i
k+V 
i 
k'T/^)-3ﬃ4^8ﬃ#/>B&(./

i 
kSl
ﬁ
P
	

 
O
!
 

*
+ 
 
i ﬃ
 
k
H#
 p



 ﬂi


*ﬂ+ 
 
k<L
L
7)-

*ﬂ+ 
 
T/ﬁ37)
«
( ^)5T( $?OªM-W*/>ﬁ(*ﬁ3ﬃ.-Wﬃ
C
ﬁ37R,;F$8/>ﬃ4-3=$)JﬁHB/Kﬃ
C
ﬁ37)b;ﬀﬃ*"4( -_( ﬁ,J4-3ﬃ.1R^ﬁ378(*ﬁ

 
985=ﬃ.$)Jf/ ﬁﬃ)V8(*$8&



 2i 


*,+ 
 
k l

N

T
 

 
~%^
ip0*


 
k
iﬃ
 p
Z+k
M
!
 
H

*ﬂ+ 
 iﬃ
 
kUL
P
T
 
~%^
i3p0*


 
k
iﬃ
 8p
Z+k
M
!
 
H

*ﬂ+ 
 iﬃ
 
k<L
P

~%^
i3pI


 
k $
i ﬃ
 
s
Z+kjI.Z
ﬁ
P
T
 
M~?^
i3p0


 
k
ﬃ
 
!
 
H

*
+ 
 
iﬃ
 
k<L
P


)1)-3ﬁ7)-Hﬃ.-#V ﬁ7)d(./>@%H^)ﬁﬃ.ﬁ_;^)-ﬃ.^8-3ﬁ*/'ﬃ
C


 />ﬃ45"#*&A$ 
i
kSlnv
C
ﬃ.5=5ﬃ
L
/2H=5_( -`( -J.1)$?ﬁ\(./
18/2*&
C
ﬃ.-


E:¨Iﬃ
L
"#-V
L
7R$ﬁ7)A;ﬀﬃ*"4( -_(*ﬁ3*/0( -;ﬀﬃ.$%ﬁ3=$?1)ﬃ418/Wﬃ.-:ﬃ
C
7RJ.7&?$8/>=ﬃ.$6V)=ﬁIT/I(*5Hﬃf/>ﬁ
^ﬃf/3/29)5=IﬁﬃA*/>ﬁ(*ﬁ30$8&?="?T&?18(*5/21)-3"%"4(*56;ﬀ1)-"#*/K$Rﬃ.$)^8(*-+(*Hﬁ3-_;(*55=@,98*;(*18/>Uﬃ
C
ﬁ37RU/>ﬃ*2;(*55=*&

;F1)-+/2ﬃ
C
&%H$Q/>ﬃ4$8( 5=ﬁ2@#E ªﬃ.-/>ﬃ4^)7)_/2ﬁ3T;( ﬁ*&( ^)^)-ﬃ#(4;[7$%"#ﬃ.5="?=$)Jﬃ%&?5=$)Jﬁ37);ﬀM$8/>ﬃ4-3$RJ
ﬁ3=H*/:ﬁ37R-3ﬃ.1RJ.7n(^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q( 5078(-z*(*-+&)/Hﬃ%&?5 ;( $ﬁ37R$9(.&)(*^)ﬁ3B&
i
"4(*$t&?-(4( $6V

5=5W
	Wﬃ.9)=$8/ﬀV

v.v.v#k+E
-
C
&%_/3;F18/3/2ﬃ.$ﬃ
C
ﬁ37)T/W( ^)^R-3ﬃ#(4;[7_/5T( _&Hﬃ41)ﬁW$ 

E

http://biostats.bepress.com/ucbbiostat/paper108
   /A 	 

	#"#M-+( 5 />=1)5T( ﬁﬃ.$/>ﬁ18&?=*/I(*-3b;ﬀﬃ4$8&?18;ﬀﬁ*&Hﬁ3ﬃ"4( 5=18( ﬁﬁ7)U^)-3ﬃ4^8ﬃ#/>B&$
C
-3$Q;ﬀ:^)-ﬃ%;ﬀ*&?1)-*/ﬀE'6ﬃ
&?ﬃ.$8/2ﬁ3-+(*ﬁ3Uﬃ.1R-I=$
C
-3M$8;ﬀ:^)-ﬃ%;ﬀ*&?1R-3*/I=$^)-3*/2$8;ﬀUﬃ
C
;ﬀ$8/2ﬃ.-$)JRV
L
,(4&?ﬃ.^RﬁU/>=H5T( -W/21)5_(*ﬁ3=ﬃ.$
/>Mﬁ31)^(./I=$ª(*J.1)5=1)-3`( $Q&jŁ878(*$)J
i
{M|.|
k+EUH=H_;ﬁ
L
ﬃ O( -3y-+(*$8&?ﬃ._/>B&;F5$R_;(*5ﬁ3-_(*5_/
L
ﬁ7
( ^R^)-3ﬃ*~%(*ﬁ35=@
ﬁ
#
Hi
ﬁ
l
{
v.v%

v4v k />1)9%X3B;ﬀﬁ+/S98$RJ,-+(*$8&?ﬃ4H_/2*&,$%ﬁ3ﬃb*(.;+7H(*-3Ea78(*ﬁW_/FV?;Fﬃ "4(*-3N
( ﬁH T/:/>=1R5_( ﬁ*&Hﬁ3ﬃH98(9)=$8( -@$8&?T;( ﬁﬃ.-
L
ﬁ7/218;;ﬀ*//I^)-ﬃ.98(*9)5=ﬁ2@ﬃ
C
v%E

E,7);+7)ﬃ4_;ﬀ*/0ﬃ
C
^8(*-+( ﬁ3-
 
(*-3U
{
V6v(*$8&
{
Ed7),9Q(./>M5$RA&?T/>ﬁ3-9)1Rﬁ3ﬃ4$78(./I5=$)B( -0H*( $-*/>T&?18( 5a5
C
Uﬃ
C
ﬁ7)
¨:(*55Nc
55=$)-Y8( H=5@g
h

i
Z+kSl
i
	
2Z  
	
ﬀk
M

L
7)-
	

s­p
{
( $Q&
	

s
v?E
:P8~
	

l
{
V8( $8&H5Mﬁ
	

l
p
vR


+vA( $8&v%E

V8;Fﬃ.-3-*/>^8ﬃ4$8&?$RJﬁﬃ
(-*/3;(*5*& 
ﬁc(?V(1)$)=ﬁIM~?^8ﬃ.$R$?ﬁ_(*5a( $8&(H`( -3Mﬁ3ﬃ&?T/>ﬁ-39R1)ﬁ3=ﬃ.$6V)-*/>^8*;ﬀﬁ"#5=@
i2
( #*/0¡:(./216V
{|4|
v#k+EYeO$(.&R&?ﬁﬃ.$ V =$8&?^8$Q&?$%ﬁ';ﬀ$8/2ﬃ.-$)Jbﬁ3*/x(*-30J.$R-+(*ﬁ3*&
C
-3ﬃ4¡~?^8ﬃ4$)$%ﬁ3_(*58&?T/>ﬁ3-9)1Rﬁ3ﬃ4$
L
ﬁ7
&? -$%ﬁIHB( $  /
L
7R_;+7
( 55=ﬃ
L
&% -3M$?ﬁ0^)-3B/>^8*;ﬀ P8*&;F$8/>ﬃ4-3=$)JH^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8/ﬀgbvV
{
vV

v ( $8&

vE
	#1)( -@ﬃ
C
/21)5_(*ﬁ3=ﬃ.$-3B/>1)5=ﬁ+/T/:$a( 9)5=
{
E7)S#18( $%ﬁ3=ﬁ>@$B(.;+7$%ﬁ3-3@T/U;ﬀﬃ.H^R1)ﬁ3*&
98(4/>*&ﬃ4$

v4v/>=1)5T( ﬁﬃ.$Q/Iﬃ
C
=ﬁ+/U;ﬀﬃ.--3*/2^8ﬃ.$8&?=$)J
;ﬀﬃ4$?P8J.1R-+( ﬁﬃ4$6Eeﬂ$a( 9R5
{
VS9)T(./T/:ﬁ37)(*98/>ﬃ*
51Rﬁ3&? -$8;ﬀ98ﬁ
L
$ﬁ7)/( H^)5=AH*(*$ﬃ
C
ﬁ37RH*/>ﬁ(*ﬁ3*/0ﬃ
C

v4v/>=1)5T( ﬁﬃ.$Q/:( $8&
ﬁ37)ﬁ3-1)
"4( 5=1)#V)(*$8&;Fﬃ "#M-+( J4:^)-ﬃ.98(*9)5=ﬁ2@T/Kﬁ7)U^M-+;ﬀ$%ﬁ+(*J.Uﬃ
C
ﬁ37R0(*5_& !ﬁ2@?^8
|

 ;ﬀﬃ.$?P&?$8;ﬀd$%ﬁ3-".(*5_/
ﬁ37Q( ﬁb;ﬀﬃ.$%ﬁ+(*$ﬁ7)ﬁ-31)A^Q( -+(*Hﬁ-EbG:/:/27)ﬃ
L
$=$
x(*9)5
{
V


T/I"%-3ﬁ18( 5=5@1)$%9)_(4/>*&(*$8&;(*-3-*/
-3B(./>ﬃ4$8( 9R5A;Fﬃ "#M-+( J4:^)-ﬃ.98(*9)5=ﬁ3=*/ﬀE
Va( 9R5
{
( 98ﬃ.1RﬁI7)M-3
X
|
Hosted by The Berkeley Electronic Press
G/>1)-"?="4( 5R&)( ﬁc(I/2ﬁS;Fﬃ.55=*;ﬀﬁ*&I$b(4;ﬀﬁ318(*5?-c( $8&%ﬃ.HT/>*&U;ﬀ5=$)T;( 54ﬁ3-3T( 5#T/ 18/2*&,(4/x(*$,~R( ^)5#E 7)
ﬁ3-_(*5
L
(4/W;ﬀﬃ.$Q&?18;ﬀﬁ*&H9?@(.&V)MﬁW( 5!E
i
{M|..
kWﬁ3ﬃAM".(*518(*ﬁ3:ﬁ7):B<;(4;ﬀ@ﬃ
C
/2@)/2ﬁ3<( ﬁ3T;I;Fﬃ.9)$8(*ﬁ3=ﬃ.$
ﬃ
C
;[7RHﬃ.ﬁ7)-c( ^%@
C
ﬃ4-=$8;ﬀﬃ.^)5ﬁ5 @:-3B/>*;ﬀﬁ*&,$)ﬃ4$?2/2( 5=5NO;ﬀ5=5?5=1)$)JA;M( $8;ﬀM-ESeﬂ$Aﬁ7)_/Sﬁ3-_(*5ﬂV%(:ﬁ3ﬃ.ﬁc( 5ﬃ
C
{-{

^8(*-3ﬁ_;ﬀ=^8( $%ﬁ+/
L
-3W-c( $8&%ﬃ.HT/>*&Uﬁ3ﬃU-3*;F"#'=ﬁ37)-`^ﬃf/>ﬁﬃ.^8-+(*ﬁ3="#I-c(.&?=ﬃ.ﬁ37R-+(*^?@
i
	SIk`/>ﬃ455=@,ﬃ4-
^8ﬃ#/2ﬁ3ﬃ.^8-c( ﬁ"#	` (*$8&;[7)MHﬃ.ﬁ7)-+(*^?@
L
=ﬁ37
z
@%ﬁ3ﬃ*~)(*$6V8G:&?-_(*@R;ﬀ$(*$8&S5_( ﬁ$)ﬃ45
i>z
G:k
C
ﬃ4-0/>~
Hﬃ4$?ﬁ78/ﬀE

$)Uﬃ
C
ﬁ37)U$Q&?^8ﬃ.$%ﬁ+/Wﬁ3ﬃ"4( 5=18( ﬁ,ﬁ7)UB;M(.;ﬀ@HT/I/21)-3"%"4(*56ﬁ3U/>=$8;ﬀU-+(*$8&?ﬃ._/3(*ﬁ3=ﬃ.$6E
Gt5ﬃ.J*ﬂ-c( $)ﬁ3*/2ﬁW/>ﬁc( ﬁ_/>ﬁ_;Wﬁ3ﬃ;ﬀﬃ4H^8(*-3Wﬁ37RU/>1)-"?="4( 5_/'ﬃ
C
ﬁ
L
ﬃbﬁ3-*( ﬁH$%ﬁS(*-3/'_/
|
E

v
L
ﬁ7

!"4( 5=1)
ﬃ
C
v?E v4v

E
)1)-3ﬁ7)-Hﬃ.-#V)5ﬁ: 98bﬁ37)AJ4-3ﬃ.1R^$8&?T;( ﬁﬃ.-0ﬃ
C
^8ﬃ#/2ﬁ3ﬃ.^8-c( ﬁ"# 	S ( $Q&;[7)MHﬃ.ﬁ7)-+(*^?@
L
ﬁ7
z
@%ﬁ3ﬃ*~)(*$6V8G:&?-_(*@R;ﬀ$(*$8&S5T( ﬁ3=$)ﬃ.5
i2z
G:k+E8e
C
ﬁ37R^R-3ﬃ.^8ﬃ4-3ﬁ3=ﬃ.$8(*5S78(z*( -c&)/ ﬃ%&?5
}
i
Z*r l
{
kYl
}
i
Z*r lnv#k#~%^
i
k
_/WP8ﬁ3ﬁ*&Vﬁ7)A^8( -ﬁ3T( 5S5=#5=7)ﬃ#ﬃ%&*/>ﬁ(*ﬁ3,ﬃ
C

_/W2v%E

{
L
=ﬁ37*/2ﬁ3<( ﬁ3B&/2ﬁ+(*$8&)( -c&--3ﬃ.-dﬃ
C
v?E
{
i
7Q(-z*(*-+&t-+( ﬁﬃ ﬃ
C
v%E

}
L
=ﬁ37

!"4( 51R

v?E v

kcE 7)-
C
ﬃ.-#VIﬁ7) ;ﬀﬃ.9)$R*&ﬁ-3*(*ﬁ3H$%ﬁ_/H/2H5=@
(.//>ﬃ%;ﬀT( ﬁ*&
L
ﬁ75ﬃ
L
M-:78(-zB( -+&
ﬃ
C
/21)-3"%"4(*5Sﬁ3=HA(*$8&j7R$8;ﬀA(@5*(4&ﬁ3ﬃ5ﬃ4$)J.-b/21)-3"%"4( 5'ﬁH#E
¨Iﬃ
L
M"#-V*ﬁ37)0^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8( 5=ﬁ2@Aﬃ
C
78(-zB( -+&
C
1)$8;Fﬁ3ﬃ4$8/Sﬃ
C
ﬁ
L
ﬃUﬁ3-3B( ﬁ3$?ﬁ`( -/x(@U$)ﬃ4ﬁ98:/( ﬁ_/OPQ*&
C
ﬃ.-Wﬁ7)U^)-3ﬃ4^8ﬃ.-3ﬁﬃ4$8( 5S7Q(-z*(*-+&)/WHﬃ%&?5!V%(./0/>7)ﬃ
L
$=$xJ41)-3
{
ﬃ
C
ﬁ37)b/>ﬃ#ﬃ.ﬁ37R*&H78(-z*(*-+&
C
1)$8;ﬀﬁﬃ.$Q/
i
/2Hﬃ#ﬃ.ﬁ7)$RJA98( $8&
L
_&?ﬁ7_/
|
v&R(B@R/[kcE
VaJ.1R-3
{
( 98ﬃ.1RﬁI7)M-3
X
GI5=ﬁ3-$8( ﬁ"#5=@#V#(,^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8( 5`H*( $-3*/2_&?18(*565
C
:Hﬃ%&?5
hi
Z*rtl
{
kYl
hi
Z*rtlnv k#M~?^
i 
k
i

k
_/Aﬁ3ﬃ
98P8ﬁﬁ3*&Eqeﬂﬁ_/,%$)ﬃ
L
$qﬁ37Q( ﬁﬁ37);ﬀ$8/2ﬃ.-3=$)J
^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q/$ ﬁ37)ﬁ3-*( ﬁH$%ﬁA(*$8&q;ﬀﬃ4$?ﬁ-3ﬃ45
J.-ﬃ.1)^Q/:( -
3
E

 (*$8&
{M
E
}
V-*/>^8*;ﬀﬁ"#5=@#E')1)-3ﬁ7)-Hﬃ.-#V#ﬁ37)b5ﬃ.J*ﬂ-c( $)/2ﬁ+( ﬁ_/2ﬁ3_;U_/Wv%E

{ 
L
ﬁ7
{
v
http://biostats.bepress.com/ucbbiostat/paper108
!"4( 5=1)ﬃ
C
v%E
}
v
{
EAG0$8&V6(HJ.-c( ^)7R_;(*5&%_/>^R5_(@ﬃ
C
«
(*^)5_(*$?2ªM-:B/>ﬁ3=( ﬁ*/ﬃ
C
;ﬀ$8/2ﬃ.-$)J/21)-3"%"4(*5
C
1)$8;Fﬁ3ﬃ4$8/0&?ﬃ#*/:$)ﬃ.ﬁ]/>7)ﬃ
L
/>ﬁ-3ﬃ.$RJH^8( ﬁﬁ3-$ﬃ
C
&% -3M$?ﬁ_( 5!E07)-3
C
ﬃ.-3fV=ﬁW_/:/2$8/>=9)5UﬁﬃH18/> 
i
k
ﬁ3ﬃb*/>ﬁ(*ﬁ3Y^8( -c( Hﬁ-

ESeﬂ$
C
(.;ﬀﬁMV


lnvG

}?{
L
ﬁ37/>ﬁc( $8&R( -+&H--3ﬃ4-Kﬃ
C
v%E
{-{
i

ﬂ"4( 5=1)

vG
 v

k+E'7)T/
( 5T/>ﬃ/>1)J4J.*/2ﬁ+/A(/2J4$)NP;M( $%ﬁ,98$)ﬀPQﬁ,ﬃ
C
ﬁ7)ﬁ3-3B( ﬁ3$?ﬁd$
^)-3ﬃ45ﬃ.$RJ.$RJﬁ37)H*(*$-*/>T&?18( 5'5=
C
ﬃ
C
51R$)Jb;( $8;F-S^8(*ﬁ3M$?ﬁc/ﬀV
C
ﬃ4-
L
7)_;+7Aﬁ37RWﬁ3-3B( ﬁ3$?ﬁaH*(*$,-*/>T&?18( 5R5
C
Y_/
{
E

ﬁ3=H*/ﬃ
C
ﬁ37R0;ﬀﬃ.$%ﬁ3-ﬃ.5 /ﬀE
VaJ.1R-3

( 98ﬃ.1RﬁI7)M-3
X
eﬂ$H(4&)&?=ﬁ3ﬃ4$Hﬁ3ﬃbﬁ37)0ﬁ3-*( ﬁH$%ﬁx=$8&?T;( ﬁﬃ.-V%ﬁ37)-WHﬃ4-3d;ﬀﬃ*".(*-3T( ﬁ3B/K(*-3U/25B;ﬀﬁ3*&,=$?ﬁﬃUHﬃ%&?5
i

kcg
z
5=5aK@%^
i
/< 18(*Hﬃ.1Q/I"#-+/218/$)ﬃ4$?2/< 1Q( Hﬃ418/[kcV6GIJ.D( $8&

$Q&?-E07)AB/>ﬁ3=( ﬁ*/Kﬃ
C
(.&)&?=ﬁ3=ﬃ.$8(*5
-3MJ.-3B/3/>=ﬃ.$^Q( -+(*Hﬁ-+/:(*-3A2v%E
R{
i
)
 J
xl vR


v?V

ﬂ"4(*51)

vR
 v

k+V62v%E v.v
i
)
 J
xl vG
 v
{
V

ﬂ"4( 5=1)
s
vG


k ( $8&Av%E
{
,i
)
 J
#lnvG


v%V

!"4( 51R
s
vG


k+V
L
7R5'ﬁ7)^8(*-+(*Hﬁ3M-6*/>ﬁ(*ﬁ3Sﬃ
C
ﬁ3-*( ﬁH$%ﬁ$Q&?_;(*ﬁ3ﬃ4-
_/v%E
}
ni
)
 J
Ul vR

{-{
V

!"4( 51R

vG
 v

kcE7)_/HT/;Fﬃ.$8/2_/>ﬁ$%ﬁ
L
ﬁ7
L
78(*ﬁ
L
(./
C
ﬃ41)$8&
L
ﬁ7 ﬁ7)
^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8( 567Q(-z*(*-+&)/'Hﬃ%&?58$S_(*$?ﬁc(.&?ﬃf/>
i
{|4|y{
V)^ E

{
v#k+EY78( ﬁY_/FV?9%@(.&X318/2ﬁ3=$)J
C
ﬃ4-^8ﬃ.ﬁ$?ﬁ_(*5
;ﬀﬃ4$
C
ﬃ.1)$Q&?$)Jb"4( -3T( 9)5=*/Sﬃ
C
( J.]( $8&AJ.$Q&?-V#ﬁ7)Iﬁ-3*(*ﬁ3HM$?ﬁa$8&%_;(*ﬁ3ﬃ.-Y(*$8&ﬁ37R:;ﬀM55%ﬁ>@%^8:/2ﬁ+(*$8&ﬃ.1Rﬁ
(./b/>=J.$) P;( $%ﬁ,"4(*-3_(*9)5B/ﬀE7)(.&X31Q/>ﬁ3B& ﬁ-3*(*ﬁ3HM$?ﬁ0 *;ﬀﬁb/>ﬁ5=5/27)ﬃ
L
/98$)FP8ﬁ,ﬃ
C
ﬁ37);ﬀﬃ.9)=$)*&
ﬁ3-*( ﬁH$%ﬁ'$^)-3ﬃ45ﬃ4$)J.=$)J*( $H-*/>T&?18(*565
C
fE
    
eﬂ$ ;ﬀﬃ.$%ﬁ3-c(./>ﬁAﬁﬃﬁ7)
L
_&?M5@18/2*&^)-ﬃ.^8ﬃ.-ﬁ3=ﬃ.$8(*5I78(z*( -c&)/AHﬃ%&?5
i>z
ﬃ*~V
{|){

k+Vﬁ7)^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q( 5
H*(*$-*/>T&?18( 5`5
C
bHﬃ%&?56T/IHﬃ4-3,=$?ﬁ1)ﬁ"#5=@H(*^)^8*( 5=$)JﬁﬃH^)-+(4;ﬀﬁ3=ﬁ3=ﬃ.$)-c/I98*;(*18/>Aﬃ
C
ﬁc/I$%ﬁ3M->
^)-ﬁ+(*ﬁ3ﬃ4$=$;ﬀﬃ4$8&?ﬁﬃ4$8( 5aH*(*$6E¨0ﬃ
L
"#-MV)/>=H5T( -Yﬁ3ﬃ(./3/21)H^)ﬁﬃ4$ﬃ
C
ﬁ37)b^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q( 5S78(z*( -c&)/
Hﬃ%&?M5ﬂVﬁ37RK^R-3ﬃ.^8ﬃ4-3ﬁ3=ﬃ.$8(*5=ﬁ>@](./3/21)H^)ﬁﬃ4$T/6;ﬀ-3=ﬁ3T;( 54ﬁ3ﬃ0ﬁ37)'^)-ﬃ.^8ﬃ.-ﬁ3ﬃ4$8( 5RH*( $d-3*/2_&?18(*5#5
C
SHﬃ%&?5!E
eﬂ$Aﬁ
L
ﬃ O( - -c( $8&?ﬃ4H_/2*&,;F5$R_;(*5#ﬁ3-3T( 5T/ﬀV
C
ﬃ.-S~R( ^)5#V
L
7R$Aﬁ37)Wﬁ-3*(*ﬁ3HM$?ﬁ6 *;FﬁxT/x$)ﬃ.ﬁ\(./S^8-+/2_/O
{.{
Hosted by The Berkeley Electronic Press
ﬁ3M$?ﬁY(./'~%^B;ﬀﬁ3*&V.ﬁ'_/S^8ﬃ#//>=9)5:ﬁ78( ﬁYﬁ37)M-3W_/'$)ﬃA;Fﬃ.$8/2ﬁ+( $%ﬁ'^)-3ﬃ4^8ﬃ.-3ﬁﬃ4$8( 5=ﬁ2@=$ﬁ7)0H*( $A-*/>T&?18(*5
5
C
#E0e
C
/>=ﬁ318(*ﬁ3ﬃ4$8/I5=#:ﬁ7)_/I7Q( ^)^8$6Vﬁ37)$ﬁ37)A^R-3ﬃ.^8ﬃ4-3ﬁ3=ﬃ.$8(*5SH*(*$-*/>T&?18( 5a5
C
UHﬃ%&?56$)M*&)/Iﬁﬃ
98Iﬃ%&?NP8B&,ﬁ3ﬃb(.;;Fﬃ.HHﬃ%&R( ﬁ3Yﬁ37)0ﬁ3=Hﬀ!"4( -3@%$RJIﬁ-3*(*ﬁ3H$%ﬁa *;ﬀﬁV4ﬃ.-Y( 5=ﬁ3-$8( ﬁ"#WHﬃ%&?M5_/S/27)ﬃ.1)5T&
98U~?^R5ﬃ.-*&E
GI$(*5ﬁ-3$8(*ﬁ3="#A^M-+/>^8*;Fﬁ3"#ﬁ3ﬃ/>ﬁ378(*ﬁAS-3ﬃ4^ﬃf/>=ﬁ3ﬃ4$
{
_/:ﬁ3-1)H_/b(.;ﬀﬁ18( 5=5@l#1)ﬁ=$?ﬁ1)ﬁ"##E
	#=$8;ﬀﬁ37) M9)1)5=5
C
( H=5@
ﬃ
C
&?T/>ﬁ3-9)1Rﬁ3ﬃ4$qT/§ﬁ7)ﬃ4$)5@ﬃ.$Rﬁ3ﬃ /3( ﬁ_/
C
@q98ﬃ.ﬁ7tﬁ37)^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q( 5
78(z*( -c&)/KHﬃ%&%58( $Q&ﬁ37)d(.;M;ﬀ5M-+( ﬁ*&,78(z*( -c&)/KHﬃ%&%5ﬂV.ﬁ7)-
C
ﬃ.-Wﬁ37)078(-zB( -+&
C
1)$8;ﬀﬁﬃ.$ﬃ
C
ﬁ7)d¨:( 5=5N

55=$)-5=$)B( -*( $H-*/>T&?18(*565
C
d18/2ﬁW/( ﬁ3T/
C
@Hﬁ78( ﬁ
{
 
	

	
2Z  
	

 
	 
Z=

78(*ﬁ:_/FV
{
 
	
  
	

	 
Z
jM

 
	

	 
Z

E 
*;( 1Q/>
	

s
v%V
	
0l
	
l v%E:G:/0(-*/>1)5=ﬁV)ﬁ7)
98(4/>5=$)U78(z*( -c&
C
1R$8;ﬀﬁ3=ﬃ.$18/>ﬁY9D;ﬀﬃ.$Q/>ﬁ+(*$?ﬁ0(*$8&7R$8;ﬀU~%^8ﬃ.$)$%ﬁ3T( 5!E
6ﬃ(B"#ﬃ4_&H;Fﬃ.H^)5=_;(*ﬁ30(*^)^)-3ﬃ*~%(*ﬁ3=ﬃ.$H=$;ﬀﬃ.^)1)ﬁ3=$)JUﬁ37)]/3( $Q&
L
_;+7*/>ﬁ(*ﬁ30ﬃ
C


 /K"4(*-3_(*$8;ﬀﬀ
;ﬀﬃ*"4( -_( $Q;ﬀ'( ﬁ-3~V*( $D( 5=ﬁ3-$8( ﬁ"#'-3*/( H^R5$RJW( ^R^)-3ﬃf(.;+7&?1)ﬁﬃ:`( -UzM$UﬁS(*5ﬂE
i
{|4|.
k+V
L
7)T;[7
L
(4/
18/2*&(*5_/2ﬃ=$ 8$
ﬁU(*5ﬂE
i
{|.|4
kcVS;(*$9(.&R( ^)ﬁ*&jﬁﬃ*/>ﬁ(*ﬁ3,ﬁ7)A"4( -_( $Q;ﬀﬀO;ﬀﬃ*".(*-3T( $8;ﬀA<( ﬁ3-~E
7)
98(./2_;T&?*(_/ﬁﬃ^M-3ﬁ31R-39nﬁ37)*/2ﬁ3=( ﬁ$)J
C
1)$8;ﬀﬁﬃ4$ 9%@t(/>MﬁHﬃ
C
/>1)5T( ﬁ3B&$Q&?^8$8&?M$?ﬁ
/>ﬁc( $8&R( -+&$)ﬃ.-( 5a&%"?T( ﬁ*/ﬀV
i
  +   F=
=
=
  
	
kcg
	
i
k'l
ﬁ
P
	

 
O
!
 

*ﬂ+
iﬃ
 
k

 p



 2i


*ﬂ+
k  
 
( $Q& /2ﬃ.5"#ﬁ37)
/2ﬃ.5=1)ﬁ3=ﬃ.$


§ﬃ
C
ﬁ7)#18(*ﬁ3ﬃ4$ 	
i


3kl  4V
L
7)-  T/H( 5T/>ﬃ($)ﬃ4-3(*5:&?M"?T( ﬁ3
L
ﬁ7!zM-3ﬃ*ﬂHB( $t(*$8& "4( -_(*$8;ﬀﬀO;ﬀﬃ*"4( -3T( $8;F( ﬁ-3~ ﬃ
C

0E7R$©(4;;ﬀﬃ4-+&?=$)Jqﬁﬃq`( -UzM$6VIMﬁ(*5ﬂE
i
{M|.|
kU(*$8& 8=$6V6ﬁb( 5ﬂE
i
{|.|4
kcV
ﬁ
&ﬃ 
i


p


3k078(./Uﬁ37)/3(*H,5=H=ﬁ3=$)JH&%_/>ﬁ-3=9)1)ﬁ3=ﬃ.$
(4/
ﬁ
&ﬃ 
i


p


kcEA7)-
C
ﬃ.-#Vﬁ37RA".(*-3T( $8;ﬀF2;ﬀﬃ*"4( -_(*$8;ﬀA(*ﬁ3-3=~ﬃ
C


;(*$98( ^)^R-3ﬃ*~?=( ﬁ*&9%@ﬁ7)AH^R-3T;( 5
"4( -_( $Q;ﬀﬀO;ﬀﬃ*".(*-3T( $8;ﬀU(*ﬁ3-~Aﬃ
C



V)J4"#$$)ﬃ41)J.75_(*-3J.U$%1)9M-ﬃ
C
/>Mﬁ+/Wﬃ
C
i
 

  

=
Q
=
ﬀ  
	
kY(*$8&  
{

http://biostats.bepress.com/ucbbiostat/paper108
( -UJ.$)M-+( ﬁ*&E
7)*/>ﬁ(*ﬁ3=$)J
C
1)$8;Fﬁ3ﬃ4$^)-3ﬃ4^8ﬃ#/>B& =$ﬁ37)T/U( -3ﬁ_;ﬀ5=A^)-3ﬃ*"%_&?B/Iﬃ.$)^ﬃf/3/29)5=
L
(B@ﬁﬃ*/>ﬁ(*ﬁ3
ﬁ37R,^8(*-+( ﬁ3-Y$^)-3*/2$8;ﬀUﬃ
C
;ﬀ$8/2ﬃ.-$)JRV
L
7)5=ﬁ-3*(*ﬁ3=$)Jﬁ7)U98(./25=$),*( $H-*/>T&?18(*5x5=
C

h  i
Z+k
(./'$?1R_/3(*$8;ﬀ#E`eﬂﬁS_/'(ﬁ2@%^8Wﬃ
C
ﬁ37RI=$?"#-c/>Y^)-3ﬃ498( 9)=5=ﬁ>@bﬃ
C
;ﬀM$8/>ﬃ4-3$RJ
L
J47?ﬁ*&,*/2ﬁ3<( ﬁ3=$)J
C
1)$Q;ﬀﬁ3=ﬃ.$6E
eﬂﬁU;(*$98A~%ﬁ3$Q&?*&ﬁ3ﬃﬁ7)AHﬃ%&?5T/ =$
L
7)_;+7ﬁ37R;ﬀ$8/2ﬃ.-3=$)J/3(*ﬁ3_/ﬂP8*/:ﬁ37R/>ﬃ O;(*55B&;ﬀﬃ#(*-+/>M$)$)J*
( ﬁ2ﬂ-c( $8&%ﬃ.VR( $8&
C
1)-ﬁ37)-Hﬃ.-#V
C
ﬃ4-W$8/2ﬁ+( $Q;ﬀ#V#ﬁ37)];ﬀ$8/2ﬃ.-3=$)J,ﬁH
C
ﬃ455=ﬃ
L
/Y(,^)-3ﬃ4^8ﬃ.-3ﬁﬃ4$8( 5678(z*( -c&)/
Hﬃ%&?M5ﬂg
} +
i
Z r:k'l
} + 

i
Z+k#~%^
i 

dkF

7)$ﬁ37):J4$)-c( 58ﬁ37Rﬃ.-@=$ 	Wﬃ.9)=$8/(*$8& 	 ﬃ4ﬁ3$)=ﬁUz%@
i
{M|.|

kY( $Q&<"4(*$&?- (.( $ V

=558(*$8& 	 ﬃ49)$Q/
i
v.v4v k;( $t98
(*^)^)5=*&ﬁﬃ;ﬀﬃ4H^)1)ﬁﬁc/;Fﬃ.-3-*/>^8ﬃ4$8&?$RJ5=ﬃ%;( 5=5@B<;ﬀM$?ﬁb*/>ﬁ(*ﬁ3$RJ
C
1)$Q;ﬀﬁ3=ﬃ.$6E
	#ﬃ4H/>5_(*-,^)-ﬃ#/H(*$8&q;Fﬃ.$8/ﬃ
C
18/2$)Jﬁ7)_/

ﬃ.^)ﬁ(*5 */>ﬁ(*ﬁ3=$)J
C
1)$Q;ﬀﬁ3=ﬃ.$t;M( $t98
C
ﬃ41)$8&=$

W( $RJHwW/>_(*ﬁ3T/
i
v4v.v#k+V6(*5ﬁ37Rﬃ.1)J471)$8&%-0(&% -3M$?ﬁ ;ﬀﬃ.$%ﬁ3~%ﬁE
{

Hosted by The Berkeley Electronic Press
  ﬀ  
4<**ED *ED 4<*B'A*-,Q6ﬂ/c6ﬃ*)? i
	#1)^R^ﬃf/>bﬁ378(*ﬁIﬁ7)-3U~%_/2ﬁ

 ( $8&

I/218;+7ﬁ78( ﬁ
hi
Z*r:kxl
h  i
Z+k#~%^
i 


dkSl
h 
H*Z?M~?^
i3p0


dkULa~%^
i 


dkF

	#=$8;ﬀ
h  i
Z+kSl
T
MAN
KUO&P
N
I)KﬀZ
K
V)ﬁ7)-
C
ﬃ.-
M+N

KUOP
N
I)KﬀZ
K
~%^
i 


:k'l
MAN

KUOP
N
I)K[Z
K
~%^H
i
{
p
	
k



 LR

¨I$Q;ﬀ#V
C
ﬃ4-0( $%@H^8(*-Wﬃ
C
	

(*$8&
	

/>18;+7ﬁ78( ﬁI
K
I
K
l v?V
~%^
i


:k'lqM~?^aH
i
{
p
	

k



0Lblq~%^aH
i
{
p
	

k



0LR

G:/U(H-3*/21)5ﬁMV
	

l
	

E78( ﬁb_/ﬀV
hHi
Z+kIT/:ﬃ.$)5=@$
ﬁ37)
C
ﬃ4-3 ﬃ
C
I
K
Z
K
C
ﬃ4-b/>ﬃ.
	
EHG:;M;ﬀﬃ.-c&?$)Jﬁﬃ
ﬁ37RH;ﬀﬃ4$8&?=ﬁ3ﬃ4$
i
( k0$
ﬁ37R¨:( 5=5Nc5=5$)M-
z
78(*-+(4;ﬀﬁ3-ﬂz*(*ﬁ3=ﬃ.$ 7)ﬃ.-
i
¨d( 55\ M55$R-V
{M|.%{
Vx^ E
{-{

kcV
h

i
Z+k6T/K(*$( ^R^)-3ﬃ4^)-3T( ﬁ3dH*( $A-*/>T&?18(*5)5
C

L
7)$
	
lnv%V#ﬁ378(*ﬁ_/FV
L
7)$ﬁ37)d;ﬀﬃ.--3*/2^8ﬃ.$8&?=$)J
/>1R-3"%"4( 56ﬁH0_/~%^8ﬃ.$)M$?ﬁ_( 5!ES7)D/>1G<;ﬀ=$?ﬁ ;ﬀﬃ.$Q&?ﬁﬃ.$T/W/>ﬁ3-c( =J.7%ﬁ
C
ﬃ.-
L
(*-+&E
 
 ﬀ

,QvJZY'/*3/c6ﬃ@:?A*)4Z:23df6ﬂ/cv*ED
ﬁ
&ﬃ'

i

k
z
ﬃ.$Q/>_&%-:ﬁ37RA/3(*HU( -ﬁ3=$)J#(*5U-3^R-3*/2$?ﬁc( ﬁﬃ.$ﬃ
C

*ﬂ+
=$

E:7)$1Q/>$RJﬁ7)
C
1)$8;ﬀﬁﬃ4$8( 5`I5=ﬁ+(B
Hﬁ7)ﬃ%&V
L

L
ﬃ41)5_&H78("#

i

k l
ﬁ
P
	

 
O

 !i


*ﬂ+
k	 
 ﬂi 


*ﬂ+
k
*ﬂ+
i ﬃ
 
k
p

*ﬂ+
i ﬃ
 
k
*
+
iﬃ
 
k

 

¦
i
ﬁ
P&ﬃ 
k
l
ﬁ
P 	

 
O


 !i


*ﬂ+
k	 

N



i
Z
p
k

i
Z[k

	
i
ZF



*ﬂ+
k

	
i
Z+k
I
 2i
Z+k

 

¦
i
ﬁ
P&ﬃ 
kc
i
G
{
k
{#
http://biostats.bepress.com/ucbbiostat/paper108
L7)-

 i

* +
kKl
!
 
Q
 p


 !i

*ﬂ+
k

*ﬂ+
i ﬃ
 
k

( $Q&

	
i
ZF


*ﬂ+
k'l
ﬁ
P 	

 
O 

 i 

*,+
k $
i ﬃ
 
utZ+k

i
ZF


*ﬂ+
k 

¨I- 
 !i

*ﬂ+
k'_/W;ﬀﬃ4H^)1)ﬁ*&H(4/
C
ﬃ455ﬃ
L
/Fg

 ﬂi 

*ﬂ+
k l
p
*ﬂ+
!
!
*ﬂ+

!
 
*ﬂ+


 p


 !i

*ﬂ+
k 

l
p
*ﬂ+

!
!
*ﬂ+

!
 
*ﬂ+



 p


 2i

*ﬂ+
k   
!
 
*,+
!
!
*ﬂ+


 p


 !i

*ﬂ+
k 

l
p
*ﬂ+

p
!
 
Q
 8p


 ﬂi

*ﬂ+
k

*

+
p
!
 
*ﬂ+
!



 
i

*
+
k
!
*ﬂ+ 
l

 
i 

*
+
k	 
 
i

*
+
k+
L
7)-

 ﬂi 

*ﬂ+
k
l !
 

N

!
!
*
+

T
 

 
~%^
ip0 


 
k
iﬃ
 p
Z+k
M
!
 
H
*ﬂ+
i ﬃ
 
kUL
P
T
 
M~?^
ip0*


 
k
iﬃ
 
p
Z+k
M
!
 
H
*
+
i ﬃ
 
kUL
P

~?^
i3pI


 
k $
i ﬃ
 as
Z+k
ﬁ
P
T
 
~%^
ipI


 
k
ﬃ
 
!
 
H
*
+
iﬃ
 
kUL
P

I.Z
l

N
 
 

i

*ﬂ+
k#~%^
i3p0


 
k $
iﬃ
 6s
Z+k
ﬁ
P
T
 
M~?^
ipI


 
k
ﬃ
 
!
 
H
*
+
i ﬃ
 
kUL
P
I.Z
 

N
 
 

i

*ﬂ+
k
T
 

 
M~?^
ip0*


 
k
iﬃ
 p
Z+k
M
!
 
H
*ﬂ+
i ﬃ
 
kUL
P
T
	
 
O
M~?^
i3p  


 
k
iﬃ
 
p
Z+k
M
!
 
H
*
+
i ﬃ
 
k<L
P
I.ZF
{

Hosted by The Berkeley Electronic Press

 i

* +
k
l
!
!
*,+

T
 

 
~%^
ip0 


 
k
iﬃ
 p
Z+k
M
!
 
H
*,+
i ﬃ
 
kUL
P
T
 
~%^
ip0*


 
k
iﬃ
 8p
Z+k
M
!
 
H
*ﬂ+
iﬃ
 
kUL
P

l

	

 
O
M~?^
ip0*


 
k
iﬃ
 p
Z+k M !
 
H
*ﬂ+
i ﬃ
 
kUL
P

P 

 
	

 
O

 
M~?^
ip0*x

 
k
iﬃ
 p
Z+k
M
!
 
H
*ﬂ+
i ﬃ
 
kUL
P


	

 
O
~%^
i3p  a

 
k
iﬃ
 p
Z[k
M
!
 
H
*ﬂ+
iﬃ
 
k<L
P 

p

	

 
O

 
M~?^
i3p  


 
k
iﬃ
 8p
Z+k M !
 
H
*ﬂ+
i ﬃ
 
kUL
P 


	

 
O 
~%^
i3p  


 
k
iﬃ
 p
Z[k M !
 
H
*ﬂ+
iﬃ
 
k<L
P



( $Q&


 
i

*
+
k
l
!
!
*ﬂ+

~%^
ipI


 
k $
i ﬃ
 xs
Z[k
ﬁ
P
T
 
~%^
i3p
l



 
k
ﬃ
 
!
 
H
*ﬂ+
i ﬃ
 
k<L
P

l

~?^
i3pI


 
k $
i ﬃ
 6s
Z+k 


ﬁ
P
	

 
O 
~%^
i3p0x

 
k
ﬃ
 
!
 
H
*ﬂ+
iﬃ
 
kUL
P

P 

ﬁ
P
	

 
O
~%^
ipIa

 
k
ﬃ
 
!
 
H
*ﬂ+
i ﬃ
 
kUL
P 


7)$=ﬁ
C
ﬃ455=ﬃ
L
/0(Hª1)5=ﬁ3=".(*-3T( ﬁ3
z
$%ﬁ3-+(*5ﬀ8=Hﬁ 7)ﬃ4-3yﬁ378(*ﬁ
ﬁ
&ﬃ 

i

kW_/0(./2@?H^Rﬁ3ﬃ.ﬁ_;(*55=@
$)ﬃ4-3(*5
L
ﬁ7H*( $nz-3ﬃ(*$8&"4(*-3_(*$8;ﬀb( $Q&;ﬀﬃ*"4( -_( $Q;ﬀU( ﬁ-3~

iﬂ


*ﬂ+
kSl©m



i


*,+
k	 

N


i
ZF
8

*
+
k

i
Z+k
I 
i
Z[k




¨I-


l

Et)1)-ﬁ37)M-3Hﬃ4-3#VS
C

 
(*-3(4/3/21)H*&ﬁ3ﬃ
998ﬃ.1)$8&%*&V0/>=$8;ﬀ
 
p



i

*
+
k,T/

i
v k ﬂ*(./21)-+(*9)5#V4ﬁ37)WP8-+/2ﬁ'ﬁ
L
ﬃUﬁ3-/x$
i
G
{
ka_/S1)$8;Fﬃ.-3-5_(*ﬁ3*&ESeﬂﬁS_/Sﬁ7)-3
C
ﬃ.-3
C
ﬃ.5=5ﬃ
L
/'/>ﬁc( $8&)(*-+&
"4( -_( $Q;ﬀb;( 5T;ﬀ1)5_(*ﬁ3=ﬃ.$
C
ﬃ.-W(*-3ﬁ$)Jf( 5B/Kﬁ37Q( ﬁ
ql©m H

i 


*ﬂ+
k<L


 

N


i
ZF
8

*
+
k


i
Zﬀ


*
+
k

i
Z+k
I
	
+
i
Z+k
{}
http://biostats.bepress.com/ucbbiostat/paper108
     &
 	
 "9ﬀﬁ	ﬀﬃ	
 
"
 
"
ic
v4v.v k  '/>ﬁ(*ﬁ3$RJH*&%_;(*5*;ﬀﬃ#/2ﬁ
L
ﬁ7,;F$8/>ﬃ4-3*&U&)(*ﬁ+(%E6ﬃ*)Z. /46J2

V
3
|



E

ﬀ ﬀﬁ	

"ﬃﬂ0"
i
{|.}
v kaG/2ﬁ3ﬃ%;+78(./2ﬁ3_;'/2ﬁ318&?@Uﬃ
C
ﬁ7)'5
C
`ﬁ+( 9R5Y( $8&Uﬁc/6( ^)^)5=_;(*ﬁ3=ﬃ.$8/Fg6e+E*\-ﬃ.98(*9)5=ﬁ2@
&?T/>ﬁ-39R1)ﬁ3=ﬃ.$8/ﬃ
C
ﬁ37)U9)=ﬃ.HMﬁ3-3T;
C
1)$8;ﬀﬁﬃ4$8/ﬀE6ﬃ*)Z.F/c46ﬃ@5,! ﬃ" V
}%{

 
E

 	# "$ `"
i
{|.}

k&% .?&.(' 23dY_a1.<*)4v E I
L*)
ﬃ.-gt=5@#E

 	+# ", `"
i
{|){

k 	WJ4-3*//>ﬃ4$HHﬃ%&?M5_/'( $8&H5=
C
ﬀ!ﬁ+(*9)5*/
i
L
ﬁ37<&?_/;ﬀ18/3/2ﬃ4$k+E-^%o^#/c23/68,/j^#*@-^

/.0 V
{My{

J
v?E

132	54 "+76 ﬀﬂﬁﬀ98ﬀﬃ	: `"
i
{M|.|4}
kYª*(*$-*/>T&?18( 585=
C
W^)-ﬃ%;ﬀ*/3/2*/ﬀE

?+?&^#/23/c68,/j^$06V
{{#{{


|
E
;=< >0ﬀﬃﬀﬁ	:`"$ `"?	:@
A 		ﬀﬃ ﬁ 	5# ":"
i
{M|.|%{
k!Bp*)%R?G/c6ﬃ?3\  4<*-@B.<,F,.U,92)?+en#&%G4(C=69C=23d

?A23dED
v=,Q68,FEI
L*)
ﬃ.-gp.ﬃ47)$ t=5@#E
F
ﬀ9<G<+	! `"H# "H I
J
>ﬁﬀ

K	L4 "
i
{|.){
kcE G¤/>=H^)5=Hﬁ3*/2ﬁﬃ
C
ﬁ37)^)-3ﬃ4^ﬃ4-3ﬁﬃ.$Q( 5:78(z*( -c&)/
(4/3/>1RH^)ﬁ3=ﬃ.$6EK 6ﬃ*)Z.F/c4B6J2

06V

4|


v4v?E
FMJ
	;9" N

 	;9"
i
{|.4
k ª*( $-*/>T&?18( 55
C
#g6ﬁ37)ﬃ4-3@(*$8&( ^)^R5_;M( ﬁ3=ﬃ.$6E'eﬂ$PO72)?AeQD
[F**R *ED:#/c23/c68,/6ﬃ@5,NSUT%R23df6ﬂ/cvVBp*)?G/c4U*3dp2)?AeP%0. df6ﬃ2)[=6ﬂdf6ﬂ/cv
i
aE 	E
«
-3T/>7)$8(*_(*7(*$8&
z
E 	E 	0( ﬃRV
*&R/ﬀENk

E'GI</>ﬁ3M-+&)(*gﬂIﬃ.-ﬁ37?O¨Iﬃ.5=5_(*$8&E
FMJ
Aﬁﬃﬁ	ﬀ `"

"?	+7Wxﬀﬃ+>ﬁ  ﬀX	I"
i
{M|.|4
k+E

$Hﬁ37RI^)-ﬃ.^8ﬃ.-ﬁ3=ﬃ.$8(*56H*( $-3B/>_&%18( 585
C
WHﬃ%&?5Q( $8&
=ﬁ+/^)5T;( ﬁﬃ.$Q/ﬀE#/c23/68,/j^$.YV
{-{


){
E
WM:<ﬃZ< ﬀﬃN

	\[ "# "+  	ﬁ	ﬀ9 ]	ﬀ `"ﬂ "
i
{|4
v kx_a1.#/c23/c68,/6ﬃ@F23d

?A23dfv(,Q68, *ED^2)6ﬂdf%R45.x_ 6ﬃZ.
_C23/c2.EI
L/)
ﬃ.-gt=5@#E
{-{
Hosted by The Berkeley Electronic Press
ﬂ, 	ﬁn" 	 
J
Zaﬀﬃ =ﬁ ﬀﬃ ﬂ " I  

ﬀ
 
"
i
{|4.
kb7)98$RﬀP8ﬁ,ﬃ
C
(4&X31)"4( $%ﬁ,ﬁ-3*(*ﬁ3H$%ﬁ
C
ﬃ4-
-*/>*;Fﬁ3*&5=ﬃ%;( 5=5@(4&?"4( $8;F*&H$)ﬃ.$?O/><( 55 2;F5551)$)J;M( $8;ﬀM-E-^$Bdf6ﬃ?&^

?A@F*3d ^$"6V
|

{-{
E
ﬂ ﬀﬃ 	!# "m"
i
{|4|?{
k+E

ﬃ#ﬃ%&?$)B/3/ﬃ
C
P8ﬁ
C
ﬃ.-ﬁ37)
z
ﬃ*~t-3J4-3*//>ﬃ4$tHﬃ%&?5098(4/>*&qﬃ4$©(;F5_(.//Hﬃ
C
^8(*-+(*Hﬁ3M-*/2ﬁ3<( ﬁ3ﬃ4-+/FEK-^

Z^$#/c23/68,/j^

,F,Q*@-^

"6V
{
 


E
ﬂ ﬀﬃ 	:# "W" 	 &ﬀX	:ﬂ ":[ ":xﬀﬃ	:6"
i
{M|.|4
k0G:;M;ﬀ5M-+( ﬁ*&
C
(*51R-3:ﬁH0Hﬃ%&?5T/
C
ﬃ4-:;ﬀﬃ41)$%ﬁ3$RJ
^)-ﬃ%;ﬀ*//>*/FE  6ﬃ*)Z.F/46J2
	
V
}
v


{
E
4 ﬀ
J
<
J
	ﬀX	
F
"  6

ﬀﬁ	

"
(
 "
i
{|4|.
k '/>ﬁ(*ﬁ3ﬃ4$=$ﬁ37)AHB( $-3B/>_&%18( 5S5=
C
b-3J4-3*//>ﬃ4$
Hﬃ%&%5ﬂE=-&^%C^a#/c23/c68,/E^#*@-^ 


"6V
G{J{

.|
E
4 ﬀ9<Gﬀ 	"
i
{|){

k+E8H=ﬁ3=$)J,^)-ﬃ.^8-ﬁ3B/ ﬃ
C
ﬁ37)bH*(*$H-3*/2_&?1Q( 565
C

C
1)$8;ﬀﬁﬃ.$ E

?A?^l23/ﬃ1^
#/c23/c68,/E^$0.6V
 



{
E

,8  	ﬀ# ": #A 
J
	ﬀ`"
i
{|4|
v k G $Rﬃ.ﬁ3Uﬃ4$-3B/>_&%18( 565=
C
#E$6ﬃ*)Z.F/c4B6-2
\
V

v
|

{
v%E
ﬀ    	:4 ""?	 ﬀX	$ﬂ0"$[ "xﬀﬃﬀﬁ	$6"
i
{|4|.
kcEUG -*/3(*H^)5=$)JAHﬁ7)ﬃ%&H98(./2*&ﬃ.$^R"#ﬃ.ﬁc( 5
*/2ﬁ3=( ﬁ$)J
C
1)$8;ﬀﬁﬃ.$Q/ﬀEK6ﬃ*)Z. /46J2

 8V

){


v?E
 ﬀ	ﬁG  ﬀX	AI"
i
{|4|y{
kcE Bdw6ﬃ?A6ﬃ@F23d:_A46ﬃ23d ,NS

 .F/b1+*e)*3df*F\)6ﬃ@ .4 ,j'.<@B/c69C-.+E I
L )
ﬃ.-gn.ﬃ.7)$
t=5@#E

 Vﬂ:ﬀ 	4 "[ "?	
F
ﬀ9<G<+	+ `"# "  0:Zﬀﬃ 	[ "4 "
ic
v.v4v k 8ﬃ%;( 5=5@AB<;ﬀM$?ﬁa*/>ﬁ(*ﬁ3=ﬃ.$
=$;ﬀM$8/>ﬃ4-3*&
&)( ﬁc(Hﬃ%&%5_/Fgﬁ7)ﬃ.-@
( $8&
~)(*H^)5=*/ﬀE=B 0.4X).Fdﬂ.5v  6ﬃ*-,/23/c68,/6ﬃ@F, _.<@51+?A6ﬃ@F23d
% .'+*)45/ V


E
6+

 ﬀX	ﬀ
 "
i
{|.|%{
kYS-3ﬃ4^8ﬃ.-3ﬁﬃ4$8( 5H*( $-3M( =$)$)J05
C
Iﬃ%&?5ﬂE$-^A#/c23/68,/j^ $dw2)?&^2)?Aeﬀ?5D^$Yﬂﬁ6V
J
{



E
{
http://biostats.bepress.com/ucbbiostat/paper108
a( 9)5=
{
g 	f1)H(*-3@Aﬃ
C
	#=1)5T( ﬁﬃ.$	#ﬁ18&?B/
	 B/3;(*5*& 
Mﬁ+(  S~?^8ﬃ4$)$%ﬁ3_(*5
ﬁ
z
M$8/ﬀE
 
l
p
{
 
lnv
 
l
{
 
l
p
{
 
lnv
 
l
{
{
v.v v 
T(./ v?E v4v
|
v%E v.v
{
2v%E v.v
{
v?E v4v

v%E v
{M}
v%E v4v
{
{
v.v v
z
ﬃ "E v?E
|


v%E
|


v%E
|
3
v?E
|#
v%E
|

}
v%E
|


{
v.v
{
v 
T(./ v?E v
{#
v%E v.v

v%E v4v
}
2v%E v
{

v%E v.v

2v%E v.v

{
v.v
{
v
z
ﬃ "E v?E
|#
v%E
|.}
v v%E
|
3
v?E
|){ 
v%E
|.f}
v%E
|#}
{
v.v

v 
T(./ v?E v4v.v v%E v
{

2v%E v.v

2v%E v
{#
Ov?E v.v

2v%E v.v
{
{
v.v

v
z
ﬃ "E v?E
|

}
v%E
|.
v v%E
|4}.
v?E
|4}
v v%E
|


v%E
|


{
v.v

v 
T(./ v?E v4v
{
v%E v.v
}
v%E v4v
|
v?E v4v

Ov?E v.v

2v%E v.v

{
v.v

v
z
ﬃ "E v?E
|
3
v%E
|.
v v%E
|#
v?E
|4}.
v%E
|


v%E
|4}.}

v.v v 
T(./ v?E v4v

v%E v
{

v%E v
{.{
v?E v4v
{
Ov?E v.v
{
v%E v
{.{

v.v v
z
ﬃ "E v?E
|
v v%E
|
J
v%E
|#}
v?E
| 
v%E
|

v v%E
|#}

v.v
{
v 
T(./ v?E v4v

Ov?E v
{
v 2v%E v.v
{
v?E v4v
}
Ov?E v
{

v%E v4v


v.v
{
v
z
ﬃ "E v?E
|


v%E
|

}
v%E
|


v?E
|#
v%E
|


v%E
|

}

v.v

v 
T(./ v?E v4v
{
Ov?E v.v
{
2v%E v
{

v?E v4v

v%E v.v

v%E v4v
{

v.v

v
z
ﬃ "E v?E
|


v%E
|y{ 
v%E
|
3
v?E
|


v%E
|.}

v%E
|
3

v.v

v 
T(./ 2v%E v4v

v%E v.v
{
v%E v4v
{
2v%E v4v

v%E v.v
{
2v%E v.v
{

v.v

v
z
ﬃ "E v?E
|


v%E
|


v%E
|
3
v?E
|

}
v%E
|

v v%E
|


S( -ﬁ3ﬃ
ﬁ
z
M$8/ﬀE
8
l
p
{
8
lnv

l
{
{
v.v v 
T(./ v?E v4v

v%E v.v

2v%E v.v
{
{
v.v v
z
ﬃ "E v?E
|

v%E
|.}
v%E
|
3
{
v.v
{
v 
T(./ v?E v

{
v%E v.v

v%E v4v

{
v.v
{
v
z
ﬃ "E v?E
|#
v%E
|
J
v%E
|
v
{
v.v

v 
T(./ 2v%E v
{}
v%E v.v

2v%E v.v

{
v.v

v
z
ﬃ "E v?E
|


v%E
|. 
v%E
|4}

{
v.v

v 
T(./ 2v%E v
{

Ov?E v.v
{
2v%E v.v
}
{
v.v

v
z
ﬃ "E v?E
| 
v%E
|.f}
v%E
|



v.v v 
T(./ 2v%E v4v
{
Ov?E v.v
{
v%E v4v


v.v v
z
ﬃ "E v?E
|

v v%E
|. 
v%E
|
3

v.v
{
v 
T(./ v?E v4v

Ov?E v.v

2v%E v.v4v

v.v
{
v
z
ﬃ "E v?E
|


v%E
|.}

v%E
|


v.v

v 
T(./ v?E v4v
|
v%E v
{

2v%E v
{4{

v.v

v
z
ﬃ "E v?E
|

}
v%E
|


v%E
|#

v.v

v 
T(./ 2v%E v4v

Ov?E v.v
|
v%E v4v


v.v

v
z
ﬃ "E v?E
|

}
v%E
|


v%E
|

}
Hosted by The Berkeley Electronic Press
xJ41)-3
{
g 	#ﬃ#ﬃ.ﬁ37R*&H78(-z*(*-+&
C
1)$8;Fﬁ3ﬃ4$8/W$;ﬀﬃ.^8( -c( ﬁ3="#Iﬁ-3*(*ﬁ3HM$?ﬁ'B<;(.;F@5=1)$)J;( $8;F-ﬁ-3_(*5
Time since randomisation 
(days)
Sm
oo
th
ed
 h
az
ar
d 
fu
nc
tio
n
0 500 1000 1500
0.
0
0.
00
1
0.
00
2
0.
00
3
0.
00
4
0.
00
5
Radiotherapy+CAP
Radiotherapy
http://biostats.bepress.com/ucbbiostat/paper108
x=J.1)-

g 	#1)-3"%"4(*5
C
1)$8;Fﬁ3ﬃ4$8/
C
ﬃ.-a;ﬀ$Q/>ﬃ.-$)JWﬁHB/$b;ﬀﬃ4H^8(*-+( ﬁ"#aﬁ3-*( ﬁH$%ﬁ;(4;ﬀ@051)$)Jd;(*$8;ﬀ-
ﬁ3-_(*5
Censoring time (days)
Su
rv
iva
l f
un
ct
io
n 
fo
r c
en
so
rin
g
0 500 1000 1500
0.
0
0.
2
0.
4
0.
6
0.
8
1.
0
Radiotherapy+CAP
Radiotherapy
Hosted by The Berkeley Electronic Press
